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t
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J q
g Laboratory Air Force Wright Aeronautical Laboratories, Air Force Systems Command, %
¢ Wright-Patterson AFFB, Ohio. The program is under the technical direction of Daniel Q;
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1.0 PROGRAM OBJECTIVES

The objectives of this program are as follows:

N SR AL RO

a. Perform high voltage tests on capacitors, cable assemblies and parts, and coils.

P LR R PN TR A o w st T ALl et P e S e ot L BN AR S B G D AN e 20 e bt i i M e e F e e

TSP A T X

b.  Design, fabricate, and evaluate a high voltage standard test fixture to be used for

0
Ve

measuring the void content in various high voltage insuiation systems.

R RT3 A A i

c.  Specify and procure a 153 KV, 400 Hz power supply for partial discharge
measurements.

d.  Update the Tests and Specifications criteria documents completed in U.S. Air Force

Contract F33615-77-C-2054 to include the findings from the test articie
evaluations.

e.  Develcp a high voltage generator test procedure.

f.  Update of the Airborne High Voltage Design Guide completed on U.S. Air Force
contract F33615-76-C-2008.

g. Develop a Spacecraft High Voltage Design Guide.
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2.0 SCOPE

The major tasks reported in this Test Report are:

| Lo o et i 2L Sy

: 0 High-voliage power supply verification testing at Hipotronics and
3 Wright-Paiterson AFB.

Selection and testing of test articles
High-voltage test plans for the test articles

Design and verification testing of the standard test fixture
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3.0 BACKGROUND
In previous contracts, high-voltage test and specifications criteria documents were
written for U.S. Air Force airborne power supplies and components which supply
megawatis of power at tens of kilovolts to high-power/high-voltage systems. A
generalized power source is shown in Figure 3.0-1 for a turboalternator system. However,
the turboaiternator can be replaced with a MHD power supply. Emphasis has been placed
on minimum weight and volume airborne equipment, which imply compact systems with
high density packaging.

The specifications and tests criteria document prepared under contract F33615-77-C-2054
do not have all the electrical, nechanical, and environmental requirements and test
parameters for high-voltage and/or high-power applications. It is the purpose of this
program to evaluate the parameters listed in th2 applicable criteria dccuments, by writing
detailed test procedures and then test hardware to the specified parameters. Following
completicn of the test program, the Test and Specification Criteria Documents will be
updated to reflect the findings of this test program.

A 150 .ilcvolt Partial Discharge Detection system was also developed during contract
F33615-77-C-2054, and was installed at the Aero Propulsion Laboratory, Air Force Wright
Aeronautical Laboratories at Wright-Patterscn AFB, Ohio. Two new components are
being added to this system: a 150 kV, 400 Hz power supply, and a Standard Test Fixture
for testing A/C systems, components, and electrical insulation. The add.tion of these two
units to the present direct voltage Partial Discharge Detection System at AFWAL/POOS
will give the U.S. Air Force a complete facility for testing electrical properties of
materials, components, and systems used in present and future high-voltage and/or high-~
power systems.
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4.0 HIGH VOLTAGE POWER SUPPLY ;

DY eZa il 225 7y

4.1 Description. The U.S. Air Force Wright Aeronautical Laboratory purchased a 3
Partial Discharge Detection System capable of detecting 0.1 to 10,000 picocou-
3 lombs partial discharges within direct voltage and alternating current insula- E

tion systems. The system is equipped with the following components: ;

Partiz] discharge detector

Power separation filter

g LT s

Calibration Signal Coupler
Voltmeter ,
Isolation Buffer |

o L

Noise Filter
Grounding Wanrd
Multichannel Analyzer

A system schematic diagram for the facility is shown in Figure 4.1-1. i

The dc noise filter is designed to operate with dc applied. The power separation '
filter/detector is designed to operate with either high-voltage ac or dc. To broaden

Dot reas e v an R Yo ame g g
e L

system capability, a high-voltage ac power supply (not shown in Figure 4.1-1) was
purchased with the following specified electrical parameters and components:

HIGH VOLTAGE TRANSFORMER

Input Voltage: 208 Volts, 400 Hz, 1 Phase

Output: 150 KV, 20 KVA, 400 Hz, | Phase, | hour duty cycle
150 KV, 15 KVA, 400 Hz, | Phase, continuous

Separation Filter Capacitance: 20 Picofarads

. ' Cil Filled - Texaco #55 uninhipited transformer oil or equivalent
Life: 10,000 hours in 10 years

'y 1 year guaranteed
Al Noise level shall be less than 5 PC at 150 KV

»
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CONTROLLER

Input: Controls: 120 Volts, 60 Hz, | Phase,
Power: 208 Volts, 400 Hz, ! Phase, 120 Amperes

Overcurrent prctection
Mezter relay to preset output voltage

Voltage rise: 30 seconds and/or 300 seconds
Voltage vernier: 10 KV at voltages between 10KV and 140KV

REPRE T PrLy Wepey

Power line filter

\i

Console writing shelf
Interconnect cables
Power cables

Instruction manuals
Manufacturer: Hipotronics

4.2 Qualificatior Test. A qualification test was made at the manufacturer's facility ?

(Hipotronics). Following qualification and inspection, the unit was packaged and shipped
to AFWAL where it will become a part of the Partial Discharge Detection System.

4.2.1 Test. The high-voltage power supgly and controller were connected to the output of
a 400 Hz generator. As the controller voltage was increased frora 95 kV to 150 kV, corona
readings, input voltage, and current readings were taken. The test results are shown in
Table 4.2-1.

TABLE 4.2-1: HV POWER SUPPLY TEST DATA

P T A T T AR Y S ST PSR S ppN N MW ayot L Ynth T pedecesrsay

Transformer Corona Controller Input
Output PC 400 HZ

kv (max.) Volts Amperes

96 1.0 217 33
124 2.0 208 57
145 4.0 218 85
150 4.5 215 &

il
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A check of the voltage vernier was made with the output set at 100 kV.

Boost 100 to 129 kv
Buck 100 to 78 kV

The controller includes the following operational instruinents and contrals.

Voltmeter: ac multirange
Ammeter: Primary (transformer) current: Calibrated in secondary milliamperes
Rate of rise control:
28 seconds (maximum) to full voltage
300 seconds (minimum) to full voltage
Separation filter circuit output impedance: 75 ohms at 70 kHz

4.2.2 Auxiliary Components. A three-ghase, 400 Hz, 125 Kva, 208/115 volt, ac generator
or a variable frequency power source will be used to supply the low-voltage input ac
energy requirements for the high-voltage poewer supply, A delta-connected, balanced
resistor network may be connected to the primary of the sransformer to corract the
generator power factor as shown in Figure 4.2-1. The series-connected inductor has a
two-fold function: 1) power factor correction, and 2) a line filter. The series inducsor is
tapped for inductance of 0.5, 1.0, and 2.0 mi.llihenries, and is designed for continuous
operation at 100 amperes and 250 volts ac.

Data collected during the qualification test were taken at the manufacturer's facility with
line filters connected to each side of the transformer primary winding. The data are
shown in Figure 4.2-2 and Table 4.2-2 without the deita loads connected.
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%

124
145
150

Voltage

TABLE 4.2-2: POWER LINE REQUIREMENTS

(400 Hz with line filter)

Line Current Line Volts

Amperes —
33 217
57 218
85 218
84 215

11

Impedance
Ohms
6.56
3.82
2.565
2.56

3
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5.0 STANDARD TEST FIXTURE

5.1 General. The information and procedures contained within the instruction manual for
use with the fixture have been prepared to assist the user in connecting, operating, and
maintaining the high voltage Standard Test Fixture. The Standard Test Fixture is to be
used as a part of the Partial Discharge Detection System at the Wright-Pattersen AFB,
Oh., Area B, Building 450, Rocm D109. Care has been taken to include an electricai
interlock for safety and specify standard ASTM-D149 electrodes for dielectric strengih,

3 . breakdown, and partial discharge measurements.

Eas vmw A

Measurements may be taken with the specimen either submerged in a liquid, encapsulated,
or in air. The test fixture was fully tested before shipping. Proper use and maintenance

G B Wty Ly oo )

of the test fixture, as outlined herein; will aid in keeping the test fixture at peak

performance and prolong its useful life. A safety practices paragraph is included 2s part
of ‘he operator's instruction manual to be followed when using this equipment.

et

Sk A=

iGN

5.2 Description. The test fixture is designed 1o comply with the latest requirements set
forth in ASTM-D149 and ASTM-D3382 for standard test methods of testing electrical
insulating materials for breakdown, dielectric strength, and partial discharges.

rarr s gt

Two plug-in test fixtures, purchased from Associated Research, Inc., Skokie, [llinois, are

available for testing electrical materials. These fixtures are designed so that they can be
easily and quickly changed.

TR O Iy AT I B Tk 14 F e E¥

e
-

Standard electrodes per ASTM-D149 were also purchased for these fixtures. The fixture
. part numbers and descriptions are shown in Table 5.2-1.
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Table 5.2-1: Test Fixtures and Electrodes

Associated Research, Inc.

Cescription Part MNumber :
Test Fixture 31550
Test Chamber 31560
2-inch electrode, upper 31867
2-inch electrode, lower ) 31384
1-inch electrode, upper g 31873
l-inch electrode, lower 31823
1/4-inch electrode, upper 31870
1/4-inch electrode, lower 31876

All three electrode sizes are designed to fit into the test fixture. A test

sample may be tested either in a gas between the electrodes or in a liquid by

3 inserting the test fixture in the test chamber as shown in Figures 5.21, 5.2-2,

g} and 5.2-3. The test fixture and chamber are housed in a bench-mounted steel

cabinet measuring 25/ inches high, 21% inches wide, and 18% inches deep. A

built-in test compartment in the upper part of the cabinet has inside dimensions .
of 12% inches high, 17% inches wide, and 16 inches deep. Hingsu doubie doors are made of

clear plexiglass for full view of the article under test, and to provide access to the test
compartment. A double interlock svstemn attached to the two doors can be series-

L E TR AT
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connected to the partial discharge aetection system interiock system. High-voitage and
3 ground leads are connected to the bottom of the test compartment. These leads will be
cennected to the Partial Discharge Detection System. Test fixtures, purchased in the
future, may be connected to the two high-voltage i eceptacles mounted through the
bottom cf the test compartment. A photograph of the Test Fixture Assembly, with the
test fixture installed, is shown in Figure 5.2-1.
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Figure 5.2-2: Test Chamber
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l 5.2.1 Test Compartment. The test compartment houses the high voltage terminations,

' materials test fixture, and material being tested, augmenting safety for the operator and
other personnel. This safety feature permits the instrument to be used in the laboratory,
without the rieed for roping off the area or erecting a test cell.

[ty

AN )

Two, hinged, clear plexiglass doors provide access to the test chamber. Both doors are
equipped with safety interlock switches that can be connected in series with the Partial
. Discharge Detection System interlock system to disable the high~voltage control circuit

when one or both doors are open. The doors are held in the closed position by magnetic
¢ latches.

W RTE ST Y R,

AT
T amk Eutc

High-voltage terminations are made of two large banana jacks mounted on the bottom

4 plate of the test chamber. These jacks receive the banana plug terminations on the

: materials test fixtures, providing high-voltage connection to the fixture electrodes. The
jacks were corona free to 30 kV dc without corona nuts and special high-voltage wire.

PETRT IR W

] ]
: 5.2.2 Cables. A flexible copper braid grour.d return is connected to the left terminal. i
A This ground return must be connected to the Partial Discharge Detection System
f separation filter ground. The insulated high-voltage lead connected to the right terminal ’
;f must be connected to the high-voltage termination of the separation filter. Care must be :
1 : taken to centrally locate the high voltage wire between all frame edges on the back side "
3 of the test fixture, to prevent corona and arcing to the frame. ‘

Y2 YT A

5.3 Principles of Operation.

PRy R

CAUTION 3
3 TO INSURE PERSONNEL SAFETY, THE INTERLOCK SWITCHES MUST BE ::
: INCORPORATED INTO THE EXTERNAL PARTIAL DISCHARGE CETECTION :
x{ SYSTEM CIRCUITRY, AND THE HIGH VOI.TAGE LEAD MUST BE GROUNDED AT g
3 ALL TIMES THAT THE TEST FIXTURE IS INACTIVE. 3

5.3.1 General. The following procedure has been prepared to acquaint the user with the
fundamental operating procedure of the test fixture and to assist in obtaining the
maximum performance from the system which includes the Parvial Discharge Detection
Systam. For best results, ASTM or military specified procedures must be adhered to.
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5.3.2 Preliminary Preparation.

3 CAUTION

THE VOLTAGES PRESENT IN THIS SYSTEM ARE DANGEROUS TO LIFE, USE
EXTREME CARE WHEN OPERATING.

Y

S )

a. Clean the test fixture high-voltage test compartment with alcohol to eliminate all
grease, oiis and debris. Remove the test fixture electrodes and test chamber.

DS Dk 400 R B I

b.  Ground the Partial Discharge Detection System, (PDDS) power separation filter

Y Y e

3 high-voltage terminal.

c.  Connect the test fixture interlock in series with the PDDS interlocks. g

\ d.  Connect the test fixture ground to the PDDS power separation filter ground

] terminal.

! %

E: e.  Connect the test fixture high-voltage lead to the PDDS power separation filter high- ,

; voltage terminal. Adjust th2 high-voltage lead to exit through the center of the tes;t ]

2} fixture rear cpening. ;
f.  Close the test fixture Goors. Check operation of interlock system.

Sinire A i b

g. Do not remcve the PDDS power separation filter ground until the system is ready
for checkout.

1Oa i A iadleiiiin

5.3.3 Checkout. Remove the PDDS power separation filter ground. Slowly increase the
voltage in 10 kv steps to 60 kv. Monitor the PDDS output detector and MCS and record

any partial discharges at each step. Slowly decrease the voltage to zero. Open the test
fixture doors. Ground the PDDS power separation filter high-voltage terminals.

;
x
X
»
f:
i

5.3.4 Operation.

a. Install the test chamber in the test compartment, insert the banana plugs into the

high-voltage and low-veoitage terminals in the base of the test compartment.

13
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<

b. Install the test fixture in the test chamber, and insert the banana plug on the base of
the test fixture into the high-voltage terminal in the test chamber. Insert the
banana plug attached to the upper electrode lead into the ground terminal banana
plug in the base of the test chamber.

c.  Insert the test specimen into the fixture.
‘ d.  Fill the test chamber with liquid until the liquid covers the top side of the upper test
fixture electrode.
g e.  For test specimens not requiring oil, the test fixture may be installed in the test
“f compartment without the test chamber. Connect the two terminals as though the
* test chamber were used.

: f. Remove the ground from the PDDS power separation filter.

)

:

§) ge Close the test fixtui » doors. The insulation system is ready to test.

? } - - -

3 h.  Starting at the iow kv range on the PDDS, adjust the high-voltage output as

# specified in the PDDS test procedure.

|

E IR At the conclusion of each test, the PDDS voltage shail be reduced to zero, the PDDS
E* power separation filter nigh-voltage terminal grounded, and the test fixture
4’ interlocked doors opened.

jo Remove the test specirnen and prepare for the next test.

9 5.4 Partial Discharge Verification Tests. Partial discharge tests were performed to

2, . verify the high-voltage merit of the test fixture, the partial discharge test facility, and
F the test article.

" - . .

= 5.4.1 Test Requirements. The following requirements apply:

f

a.  Atmospheric pressure: 100 + 20 kilopascals.

b. Temperature: 25° + s°c.

- -
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c. Relative humidity: 50% to 90%.

d.  Corona free test voitage. The test voltage shall be 0 to 30 kV dc or 10 kV rms
at 60 Hz or 400 Hz.

e. Rate of application - the test voitage shall be raised unifo: .nly from zero to 50
percent of test specimen rated voltage in not lass than 5 seconds; from 50

percent to maximum rated voltage the rate of rise shall not exceed 500 volts
per second.

5.4.2 Test Specimen. The test specimens used in the verification test program are
described in this paragraph. Three, rcund, brass, flat-surfaced electrode pairs with
rounded edges, listed in Table 5.2-1, were used in the test. Each electrode pair was
encapsulated ir: a clear silastic, RTY 615. The RTV 615 was not outgassed so that bubbles
would appear during the curing process. A photograph of the electrode pair is shown in
Figure 5.4-1. Electrode spacing between the electrode pair is shown in Table 5.4~1.

TABLE 5.4-1: ELECTRODE SPACING

Electrcde Electrode
Diame:ter Spacing
Linch Cm Linch Cm
2 5.08 0.2 0.508
1 2.54 0.15 0.381
6.25 0.635 0.05 0.127

5.4.3 Tests. Partial discharge tests were made at 60 Hz and 400 Hz. The test articles
were cleaned with alcohol to remove grease and debris accumulation, and then installed in
the test fixture. The test procedure listed in paragraph 5.4.1 was followed,

5.4.4 Test Results. The pertinent test results are shown in Table 5.4-2. Each electrode
pair was tested for inception voltage (CIV) extinction voltage (CEV), and for partial
discharges within the voids between and on the surfaces of the electrodes. The number
partial discharges at the picrocoulomb levels indicated in Table 5.4-2 were taken at the
initiation voltage for one minute acquisition time. The test articles were not subjected to
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k
3
3 a dielectric withstanding voltage to eliminate the probability of damage to the
8 dielectrics.
3
5.4.5 Analysis. The test data shown in Figure 5.4-2 and Table 5.4-2 indicate that ihe ]
3 extinction voitage is slightly higher for 400 Hz than for 60 Hz. This can be caused by i
4 several factors: the time the partial discharges are allowed to occur between inception
and extinction, the size of the voids and the magnitude of the inception voltage, and g
: instrumentation error. The 60 Hz and 400 Hz values will move closer together with added 3
A testing until there will be little difference in the two values, . 3
F i
Another notable result is the very low picocoulamb (PC) values for the one-inch diamaeter %
» electrode pair. This was due to the smaller and fewer voids in the material, that is, the j
larger the void, the higher the voltage required to discharge across the void and the
greater the capacitance of the void. ”
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6.0 TEST ARTICLES

6.1 Introduction. Engineering criteria documents were developed for eight components
for high-power, high-voltage airborne systems on contract F33615-77- C-2054, "High
Voltage Specifications and Tests {(Airborne Equipment)” in 1977 and 1978. The eight
criteria documents were written in accordance with military specifications for: cables,
. cable assemblies, capacitors, connectors, converters, power sources, and transformers and *{

3
&

inductors.

Included in each criteria document were high-voltage tests and test parameters based on *
insulation design parameters and engineering judgment. In this program eight test articies
were selected which represented components or component parts for the components

Puligy L #W S ST g e A0 T e
Wiy K ARITORN a pV Tl .

T ENE

discussed in the criteria documents. The selected test articles are:

AV T AR L PRSI M AR

-

Cable
Cable Assembiy

pogap v

——

Connector
Alternator Coil (Section)
Transformer Coil

£

Capacitors

PR BP R Io kst 72 s

TOTAAR L DT e e
o4 b o o v

Each test article was tested for one or more of the following: i

AN

20ld ok e T 26 e

Insulation Resistance
Dielectric Withstanding Voitage
Pulse Voltage

Partial Discharges (Corona)

ROy

AL i b ¥

TN

In most cases, the test article was tested for capacitance to determine the loading for the
partial discharge test facility. Section 6.2 of the document is devoted to the description
of the test articles. Section 6.3 is devoted to the test plar, including the test parameters.
The test data is in Section 6.4 and a correlation of the test results and parameters set
forth for similar test articles in the criteria documents, and changes to the criteria
document test procedures and parameters.

Py
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6.2 Test Articles. The eight test articles were eiiher purchased from or supplied by
manufacturers of high-voltage, high-power components for high-voltage, high-power

equipment.

6.2.1 Cables, Cabie Assembly and Connector. One connector assembly and one cable
assembly were purchased from Contractor A. The cables were constructed with a
semicon layer extruded over the inner conductor, the primary insulation extruded over the
inner semicon layer and an outer semicon iayer, extruded over the primary insulation next
to the shield as described in the catle criteria document, AFAPL-TR-79-20R¢4, "High
Voltage Specifications and Tests". The connector and shield termination was molded onto
the cable as described for the connector in the connector criteria document. The primary
insulation was EPR, the semicon layers carhon-filled EPR, and the outer jacket neoprene.
The 90kY cable assembly is designed to be tested as a cable when the connector mating
half is disconnected. Test configurations are described in Table 6.2-1. A photograph of
the 90kV (A-1 and A-2) cable assemblies with connector unmated is shown in Figure 6.2-1.
The unmated cable assembly A~2 and Connector A--3 are shown in Figure 6.2-2. A two-
connector cable assembly of the same dexign is designated A-4. Other cable assemblies
that were subjected to partial discharges are shown in Figures 6.2-3 and 6.2-4, Two
special cables (Figure 6.2-3), rated 17 Kv dc, were supplied by manufacturer A for test
and evaluation at high-voltage. The connector on the right hand side of the photograph is
not bonded to the cable shield. This design made it possible to obtain data for the cable
A-5, connector A-6, the cable assembly A-7.

A 75 Kv dc modulator cable is shown in Figure 6.2-4. A (used) mating connector was also
available for test (Figure 6.2-5). The cable is used in an operational system and has an
accumulation of more than 2 x 109 impulses. The purpose of this test was to determine
damage and/or life degradation to the cable assembly by use. The new cable assembly is
designated A-8, the old cable assembly A-9, and the connector A-10.

SO IR e S i L A A R

v T S NI SN

O PSSy

T I - - . pars, 0
R G AN PR BRI N e o g T ANO REET L SLRLD DA AL i &




T o i

S A

TR LR

Rl AN i ke rd 2 a1 2

Cable Assembly and Connector

.
.

Figure 6.2-1

PO L O L RNEOPS CR TP W, WA

PR —-

-
DoV Ziiateri ¢ vt NN ah sl IO TRD £p b de gl 1

Test Articles

.
.

re 6.2-2

Figu.

27

L
‘

!
M

s Y

Al Ll




mmp;‘;;p&i@:;..“m e e b T S FRETR, 4«";';;.'-{&;.;;.,;:5;.:‘;&,;g:ex,rﬁ-‘rf,y-;-t';;:.::,.“$‘WE§W§WWMWHWM{E&WWM¥WWWW!

T
7.

LT

NITE

RATAGSE S £

P

e L An s BAT

L FaT AN
19 P FPp e

32 Covd i

TRF T

TR
-

S o inr ey

g P

FigSL T =T
- [ e

Jrouos

T P N e O R A e N s

SUETOC ) SMEERESTI RO I
-

e AN R

Figure 6.24: Modulator Cable Assembly, Rated 75 kVdc

28

prasiiauRPREPEE T S B R IR LA T S v -

.
. . cal Yo . " A [ 2 “ LR RO
gl et s e et ez g8y O el et AL e v iy i N " s Tl Y Y o i f i




L

LA onh i ot g

,1-10
Rated 76 kVdc in SFg

Left side specimen:
Modulator cable

Right side specimen:
A-3 Rated 60 kVdc in air

oy

b

LA ATY PSS T LTI a4y

: Connectore

Figure 6.2-5

a
ooy

TNV

PSP

fiE et Vi 1S

£X

WA T T AN N

r g FOFELTL]

PRERCATTY,




TABLE 6.2-1: CABLE ASSEMBLY TEST CONFIGURATION

Configuration

Cable
Cable Assembly
Connector

Cable Assembly

Cable
Connector
Cabie Assembly
Cable Assembly
Cable Assembly

Lonnector

6.2.2 Capacitors. Three, cylindrical, plastic-cased, high-voltage capacitors were
purchased from Ccntractor B and one rectangular metal-cased capacitor was supplied by
the U.S. Air Force from Contractor C. The electrical and physical parameters of the
capacitors from Contracter B are listed in Tables 6.2-2 and 6.2-3. A photograph of the

capacitors is shown in Figure 6.2-6.

Part

Designation

A-1l
A-2
A-3

A-b

A-5
A-~6
A-7
A-8
A-9
A-10

Test Article

Cable Only

Cable and Connector

Connector with

High Voltage Lead

Cable with two
Connectors

Cable Only
Connector Or.ty

Cable with Cne Connector
New Modulator Cable
Used Modulator Cable

" Voltage Rating
K Vdc

90
90
60

60

17
17
17
75
75

Modulator Cable Connector 75
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Table 6.2-2: Electrical Parameters Of Capacitors
E Voltage
: Part Capacitance, Rating, tise
: Unit Contractor Designation Microfarads kV
1 B B-1 0.005 100 Filters with
§ low-inductance
3 and high-peak
F current capacity.
' 2 B B-2 0.005 100 Low inductance
E and dissipation
3 factor for high
; current, high
: rep-rate, fast
: pulse discharge
operation.
: 3 B B-3 0.00! 80 Low inductance,
high peak opgra-
: tion up to 10
: shots with rep-
X rates to 100 PPS.
| 4 C C-1 2.2 15 High energy
: . derisity for use in
2 PFN with
; repitition rates to
300 PPS.
:
t Table 6.2-3: Faysical Characteristics Of Capacitors
Part Length Width Diameter Height
R Unit  Designation Inzhes Inches Inches Inches Configuration Case Terminals
3 l B-1 17% - 2% - Round Phenolic 2
2 B-2 25 - 3% - Round Phenolic 2
3 B-3 13% - 1 - Round Phenolic 2
4 C-1 6 4 - 6 Rectangular  Metal 2
31
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6.2.3 Alternator Coil. Three straight sections of an alternator coil and a test jig with
two full sized alternator coils were obtained from Contractor D tor test. One coil was .

mounted on the jig in phase A position, the other coil in phase B position as shown in
Figure 6.2-7. Each straight secticn and ccil is insulated as in the final alternator

et

configuration consisting of six square tubular copper coils sections as shown in Figure

£.2-8, without the 0.039 to 0.056 inch zaper insulation. The conductor insulation is double
R

PR R

glass, nominal 10-mil build. The coil is half-lap wrapped, nominal 6-mil Fusa-Fab

R ryyies

polyester and glass tape. The wedge adjacent to the coil in Figure 6.2-8 is not part of the |
coil. Wedges are cut to fi. the actual gaps between coils; .he wedge will be cimulated by 3
placing strips of 6-mil l’-‘usa--FabR polyester between adjacent coils during test. The rated

voltages for the generator are:

o da e gt afow

o coil-to-coil 2.8 kV
o phase-to-phase 29.6 kV
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Figure 6.2-8: Coil Cross Saction
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6.2.4 Pulse and Power Transformers. Two two-winding pulse transformer and one two-
winding power transformer coil were obtained from contractor E for test. The insulation
system in all three transformers is transformer-oil impregnated Nomex film. A
photograph of the power transformer E-1 windings is shcwn in Figure 6.2-9. The
electrical stress across the insulation system is 125 to 350 volts/mil, well within the

recommended rating for the materials. A list of the transformers tested is shown in Table
6.2“‘.

TABLE 6.2-4: PULSE TRANSFORMERS

Primary Secondary
Part Voltage Rating
Configuration Designation Kv Peak Kv Peak
Power Transformer Coil E-l 0.23+ 0.004
Pulse Transformer Coil E-2 20 200
Pulse Transformer Coil E-3 20 200
Pulse Transformer E-4 - -
Pulse Trzasformer E-5 - -
*(20 kV
Insulation
Primary to
Secondary)

Two other pulse transformers E-4 and E-5, were tested. Their rated voltages were
unknown. Photographs of these transformers are shown in Figure 6.2-10 and 6.2-11.

6.3 Test Procedure. Each test article was tested in accordance with the test procedures
outlined in the High Voltage Criteria documents using test equipment delineated in either
the appropriate Military Standards, Military Specifications, ASTM Standards, or the High

Voitage Criteria Document. The specific test procedure and test equipment are detailed
for each test.

6.3.1 Insulation Resistance. When tested for insulation resistance at a pctential ot 500 +
50 Vdc, the minimum insulation resistance shall be greater than 1000 megohms.

§.3.1.1 Procedurs. Each component identified in paragraph 6.2, in turn, shall be attached
to an electrical circuit and a potential of 500 + 50 Vdc shall be applied between the high
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Pulse Transformer E4
Pulse Transformer E-5
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voltage terminal and ground, or to the generator coils between adjacent coil groups. The

E

g

& potential shall be applied for a period of one minute, minimum. However, if a stable

E‘ reading is obtained in less than one minute and the results are in excess of 1000 megohms,

the minimum allowable, the test may be terminated.

j E

During the energization period, the insulation resistance shall be measured and shall be :

; 1000 meyohms, minimum. i

; 6.3.1.2 Conncctions. Electrical connections shall be made to the test article terminals as

; described in Table 6.3-1. ]

% TABLE 6.3-1: ELECTRICAL CONNECTIO!:S

3 TEST ARTICLE CONNECTIONS

E‘

E | PART

¢ CONFIGURATION DESIGNATION POSTIVE NEGATIVE

; Cable A-1 Center Conductor Shield

i Cable Assembly A-2 Cent=r Conductor Shieid

] Connector A-3 Cen .r Conductor Shield T

Cable Assembly A4 Center Conductor Shield :

E; Capacitor B-1 (+)Terminal (-)Terminal
Capacitor B-2 (+)Terminal (-)Terminal
Capacitor B-3 (+)Terminal (-)Terminal
Capacitor C-1 (+)Terminal (-)Terminal !
Alternator Coil Section D-1 Conductor #1 Conductor #2
Alternate Coils D-2 Phase A Phase B
Transformer Coil E-1 Primary Secondary ;
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6.3.1.3 Instruments. Insulation resistance shall be measured with certified calibrated
instruments. Approved instruments or equivalent are listed in Tabie 6.3-2.

TABLE 6.3-2: INSTRUMENT FOR MEASURING INSULATION RESISTANCE

Instrument
Function Manufacturer Model

Insulation

Resistivity General Radio GR 1862C

6.3.2 Capacitance. When test articles are tested for capacitance, the capacitance shall
be within + 1.0% of the specified value.

6.3.2.1 Procedure. Each component identified in Paragraph 6.2, in turn, shall be attached
to an electrical circuit and tested for capacitance as specified in MIL-STD-202, Method
305. A frequency of 100 Hz shall be applied between the active terminals or parts.

6.3.2.2 Connections. Electrical connections shall be made to the applicable test articles'

terminals as described in Table 6.3-1.

6.3.2.3 Instruments. Capacitance shall be measured with the certified calibrated

instrument or equivalent, as shown in Table 6.3-3.

TABLE 6.3-3: CAPACITANCE MEASURING INSTRUMENT

Instrument Manufacturer Model
Capacitance ESI ESI 270
Bridge

6.3.3 Dissipation Factor. The three capacitors listed in Table 6.2-2 shall be tested for
dissipation factor. The dissipation factor shall be less than 0.050 + 2 percent

instrumentation error.
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6.3.3.1 Procedure. A component identified in Table 6.2-2 to be tested for capacitance
shall be connected to an electrical circuit and tested for dissipation factor per AFAPL-
TR-79-2024, (Appendix C, Paragraph 6.7.11). A frequency of 100 + 10 Hz at a voltage rot
to exceed 20 percent of the capacitor rated voltage shall be applied between the active
terminals listed in Table 6.3-1.

6.3.3.2 Connections. Connections shall be made to the capacitor terminals as described
in Table 6.3-1.

6.3.3.3 Instruments. The dissipaticn factor shall be measured with the certified
calibrated instruments or equivalent, as shown in Table 6.3-4,

Table 6.3-4: DISSIPATION FACTOR MEASURING INSTRUMENT

Instruments Manufacturer Model
Capacitance
Bridge ESI ESI-270

6.3.4 Dielectric Absorption. The three capacitors, B-1, B-2, and B-3, listed in Table 6.2-
2, shall be tested for dielectric absorption. The dielectric absorption time shall be within
15 minutes.

6.3.4.1 Procedure. Each component identified in Table 6.2-2, in turn shall be attached to
the electrical circuit of Figure 6.3-1.

1
om— Sen—
@ > % 1'
{
. |
L - I
T & Wi
", Ry 5‘3‘ 1
] .
| !
, 4 i |
1

Figure 6.3-1: Typical Production Dielectric Absorption Test Circuit
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The capacitor shall be charged at 50 percent of the dc voltage rating for 2 hours + |
minute. The initial surge current shall not exceed 50 milliamperes. At the end of this
period, the capacitor shall be disconnected from the power source and discharged through
a 5 ohm + 2 percent resistor for 10 + 1 seconds. The discharge resistor shall be
disconnected from the capacitor and the recovery voltage shall be measured with an
electrometer or other suitable device having an input resistance of 10,000 megohms, or

¢
2
3
i
.
3y
Y
;:\
29
4
2
:;
F
+
)
;
d
3

4 greater. Recovery voltage shall be read at the maximum voltage within a 15 minute
i period. The dielectric absorption shall be computed from the following formula:
j v,
; d= —x100
] V2
Where:
1
: d = Percent dielectric absorption
v | c Maximum recovery voltage
H V, =  Charging voltage
%
. b
i}
; 6.3.4.2 Capacitor Connections. Connections shall be made to the capacitor terminals as
3 described in Table 6.3-1.

' 6.3.4.3 Instruments. Dielectric absorption shall be measured using the certified

calibrated instruments, or equivalent, listed in Table 6.3-5.

TABLE 6.3-5: DIELECTRIC ABSORPTION MEASURING INSTRUMENTS

T TR S TR

Instrument Manufacturer Modsl
' Power Supply TRYGON M160-5A
Electrometer Keithly 610BR
Timer Craylab 167
40
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6.3.5 Dielectric Withstanding Vcltage (DWV). The test articles listed in Table 6.3-6 shall
be tested for DWV. When tested to the specified test parameter for one minute, there
shall be no evidence of breakdown, arcing, or other visible damage to the test article.

TABLE 6.3-6: DIELECTRIC WITHSTANDING VOLTAGE PARAMETERS

Test Part Rated Test Test Voltage kV

Article Designation VoltagekV  Freq. #l #2 #3
Cable A-1 90 DC 108 125 144
Cable Assembly A-2 90 DC 108 125 144
Connector A-3 60 DC 72 86 100
Cable Assembly A-4 60 DC Not i< -*ed - -
Capacitor B-1 100 DC 160 180 200
Capacitor B-2 100 DC (0 180 200
Capacitor B-3 80 DC 120 145 160
Alternator Coil D-1 2.8 60Hz 2.8 3.2 3.6
Sections

Alternator Coils D-2 29.6 50Hz 35.5 41.5 47.4
Power Transformer E-1 20 60Hz 20 28 45
Pulse Transformer E-3 10 60Hz 16 - -

6.3.5.1 Procedure. Each test article listed in Pacagraph 6.2, in turn, shall be connected
to a high-voltage electrical circuit per MIL-STD-202, Method 301. The component shall
be tested in accordance with MIL-STD-202, Method 301, with the test parameters listed in
Table 6.3-6, The auration of the test shall be »re minute + 5 seconds. Leakage current

T S A

L

shall be measured and plotted for each coil insulation configuration. Coils shall be tested
with 1, 2, and 3 strips of insulation between coils. Connections shall be as shown in Table
6-3‘1-

6.3.5.2 Instruments. DWYV shall be measured using the certified calibrated instrument, or
equivalent, listed in Table 6.3-7.
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TABLE 6.3-7: DIELECTRIC WITHSTANDING VOLTAGE INSTRUMENT

Instrument Manufacturer Model

250Kv Power Supply Universal Voltronics BAL200-18

6.3.6 Pulse Test. Each component listed in Table 6.3-8 shall be subjected to pulse tests
separated a minimum of 20 seconds apart. Testing shall be discontinued if there is

evidence of breakdown, arcing, or other physical damage to the test articles.

6.3.6.1 Procedure. Each test article listed in Table 6.3-8, in turn, shall be connected to
an electrical circuit as specified in IEEE Publication, Number 4, 1978, ANSI C-57, or
ANSI C-93. Test points shall be as shown in Table 6.3-1. The pulse voltage levels shall be
as sho* in Table 6.3-8. The pulse voltage profile shall be as specified in the above
mentioned IEEE Publication Standard and similar to that shown in Figure 6.3-2, using an
instrument such as that described in Table 6.3-9.
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TABLE 6.3-8: PULSE VOLTAGE PARAMETERS

t Part Peak Voltage
p Test Article Designation Minimum kV Maximum kV
- . Cable A-1 120 200
Cable Assembly A-2 120 200
i Connector A-3 80 120
Cable Assembly A-4 30 120
Capacitor B-1 120 200
1 Capacitor B-2 120 £00
Capacitor B-3 100 160
Capacitor C-1 10 pl
] Alternator Coil D-1 4 10
: Section
Alternator Coil to Coil D-2 42 105
. Transformer Coil E-1 Primary 20 40
Secondary 209 320
Pri-sec 28 56

S PR
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. NORMALIZED
~ TEST
VOLTAGE

TIME — MICROSECONDS

Figure 6,3-2: Bssic Insulation Level Test Voltage Proiile
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TABLE 6.3-9: PULSE TEST INSTRUMENTS

- INSTRUMENT MANUFACTURER MODEL
; Marx Generator LISAF
3 2-7 Stages

0.3 MFD - Ool MFD
35KV - 225kv

TR S

5, Valtage Divider Hipotronics RVD 1000

Power Supply Hipotronics 8100-25

: Storage Oscillescope Hewlett-Packard 1744A (100 MHz2)
; 6.3.7 Partial Discharges. The test articles listed in Paragraph 6.2 shall be tested for

partial discharges. When tested for partial discharges to the specified test parameters,
4 there shall be no evidence of breakdown, arcing, or other visible damage to the test

E article.

3

ii:_ 6.3.7.1 Procedure. Each test article listed in Paragraph 6.2, in turn, shall be connected

; to the high-voltage circuit of a partia!l discharge test facility and test~Z “or partial
discharges and/or corona. Capacitors shall be tested with dc voitages only. The cable,
connector, and cable assernbly shall be tested with ac and d: voltages. AC voltages (rms)
shall be 35.5% of the dc voltage. Generator and transformer coils shall be tested with ac
voltages only. The following details shall apply:

(a) Magnitude of test voltage - 100% component rated voltage;

(b) Nature of potential - dc or ac, as applicable to the test article;

(c) Duration of application of test voltage - partial discharges shal! be measurad
for 60 seconds after the operating voltage is attained. Veitage shall be
increased from 0 to operating test voltage at a rate of 50C vclts per second. A
dead-time of 15 seconds shall elapse between the time rated voltage is
attained and partial discharge data is accumulated for dc partial discharge
test articles;

(d) Points of application of test voltage - as specified in Faragraph 6.2;

(e) Examination after test - the test articie shall show ro visibie damage;

(£, Partial discharges shall not exceed more than one discharge per niinute above
10 pc. Partial discharges greater than 1000 pc are unacreptable. Partial

]
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2 discharges within the test article shall be calculated per ASTM D1868 or
3 ASTM D3382-75.
4 6.3.7.2 Instruments. Partial discharges shall be measured using the corona test facility
located at tbe U.S. Air Force Aero Propulsion Labcratory AFWAL/PQOS-2, which
‘i includes a 17000-3 Partial Disciharge Detector, a 150 kV (17187- 2) Power Separation
Filter, 400 Hz (17189-1) Power Separation Filter imanufactured by J. G. Biddle Co.; an
’ ND60 Nuclear Data, Inc., Multichannel Analyzer; and a 150 kV 400 Hz Power Supply
; manufactured by Hipotronics.
6.4 Test Data. The eight test articles were tested for insulation resistance, capacitance, :
2 and dielectric withstanding voltage using the test procedures and equipment delineated in 3
3 Paragraph 6.3. 5
6.4.1 Insulation Resistance. The insulation resistance test data is shown in Table 6.4-1. 3
i Insulation resistance was measured at 500 volts, dc. g
;
TABLE 6.4-1: INSULATION RESISTANCE
3
: . Insulation
| Part Resistance,
- Test Article Designation Megohms 3
Cable A-1, Connector Unmated 2.0 x 108
: Cable Assemblies A-1, Connector Mated 2.0 x 106 2
: Connector A-2, Connectcr Mated 2.0 x 108 i
L A-3, Connector Unmated 2.0 x 10° 1
]
-3 itors 5 E
5 Capacitors B-1 1.25 x 10 3
F B2 Lo x ¢ g
! B-3 5.6 x 10° i
3 Transformer Coil E-l 1.0 x 10° 7
Two alternater <oil sections vere tested in four configurations; 1) in parallel, 2) in 5

-

parallel with one strip insulation 2) in paralle] with two strips insulation; and 4) in parallel
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Test Article
Configuration

TR
Cewm e e e ar

: Capacitors
<
E Cable
FE Cabie Assemblies
% Connactor
Cable

T S

Configuration
Insulation Strips

w N - O

E configurations are shown in Table 6.4-2.

with three strips insulation. The insulation strips are 6-mil Fusa-FabR polyester material.
The strips are 0.88 inch wide and 20 inches long. The insulation resistances for four

TABLE 6.4-2: ALTERNATOR COIL INSULATION RESISTANCE

Insulation Resistance

Megohms

7 x10°
1 x 108
2x 108
2 x 108

TABLE £.4-3: CAPACITANCE

Part
Designation

B-1
B-2
B-2
A-| Connector Unmated
A-}
A-2
A-2 Connector Unmated

Alternator coil sides (parailel with insulation strips)

0 strips 320.8 pid

i strip 268.8 pid

2 strips 228.8 ntd

3 strips 203.8 pfd
46
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6.4.2 Capacitance. The capacitance of each test articie is shown in Table 6.4-3.

Capacitance

0.00499 mfd
0.00484 mfd
0.00102 mfd
173 ptd
177.5 ptd
170.5 ptd
163 i 1

2

-::,.
?
3
5
a
3
3
.
7
4
3
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6.4.3 Dissipation Factar. The dissipatior: factor for each capacitor is shown in Table 6.4-
4,

TABLE é6.4-t: CAPACITOR DISSIPATION FACTOR

Part
Deasignation Digsipation Factor

B-1 0.0020
B-~2 0.0040
B-3 0.0C15

T4 TR PR ROAR TR

TN TCE TR RSP TIPS 2 HE PON

LAY/

€.5.4 Dielectric Absorption. The dielectric absorption was measured by energizing *he

o

capacitors to 100 volts dc. The percent dielectric abscrption is calculated by the formula:

d = — x100

Whera:

G IHD ]

d = Percent dielectric absorptionr

A iatogty

Vl = Maximumn recovery voltage

i i o uw = M

ARy

vV, = Charging voltage

et

A e,

Test results are shown in Table 6.4-5.
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TABLE 6.4-5: DIELEC1RIC ABSORPTION

wmeanth

(e RN, ol dai it SRS P

Dissipation
Part Abscrption
Designation Percent

AR RCALY, o el le 3 L B L O

B" l 2o l %
B-2 2.2%
B-3 2.7%
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6.4.5 Dielectric Withstanding Voltage. Each test article was subjected to the dielectric
withstanding voltages shown in Table 6.3-6 using the instrument shown in Table 6.3-7.

The test results are shown in Table 6.4-6. The laboratory report data is shown in
Appendix A.

i.
<
:
4
?}
%
3
|
4

1 TABLE 6.4-6: DIELECTRIC WITHSTANDING VOLTAGE TEST DATA
i Test Voitage g
? Test Part Rated Passed 3
Articie Designation kV_ kV_ é
; Cable A-1 Connector Unmated 90 dc 144 d< j;
E Cable Assembly A-2 90 dc 144 dc %
Cable A-3 Connector Unmated 60 dc 100 dc ‘i
: Connector A-3 60 dc 100 dc
n Cable Assembly A-7 17 dc 27.2 peak '
Capacitor B-1 100 dc 200 dc
it Capacitor B-2 100 dc 200 dc
X Capacitor B-3 80 dc 160 de
3 Puise Transformer E-1 (HV o LV Coils) 20 peak 45 peak ‘
k3 Pulse Transformer E-2 20 peak 22.5 peak
§ Alternator Coils D-1 Phase-to-Phase 29.6 rms 24.7 rms
P Aliernator Coils  D-2 25.4 rms
2 (Arc Over) ﬂ
insuiation Layers 3
, (between sections) :
3 ¢ 2.8 rms 6 rms ,;
¢ i 2.8 rms 6 rms j%
2 2.8 rms 6.4 rms b
3 2.8 rms 6.8 rms
Dielectric withstanding voltage measurements were taken in a step series with 10 seconds
hold at each of the lower voltage leveis and one minute hold at the highest voitage. All

test articies passed the dielectric withstanding voitage test except the alternator coils, as
it is specified in the High Voitage Specification Criteria documents. The voltage levels
for all items other than the alternator coils are shown on the laboratory data sheet in




Appendix A. The alternator coils were tested at normal atmospheric temperatures and

pressure rather than in a pressurized vessel. Thus the arc over at 25.4 Kv.

6.4.6 Pulse Test. Each test article listed in table 6.3-8 was subjected to the pulse test

voltages shown in Table 6.3-8 using the equipment shown in Table 6.3-9. The test results
are shown in Tables 6.4-7 and 6.4-8.

TEST
ARTICLE

Cabie
Cable Assembly
Connector

Cable Assembly

Capacitor
Capacitor
Capacitor

Capacitor
Pulse Transfcrmer

Pulse Transformer

Pulse Transformer

TABLE 6.4-8: ALTERNATOR COIL SECTION PULSE TEST DATA

—o——— g »

TABLE 6.4-7: PULSE TEST DATA

TEST

PART VOLTAGE
DESIGNATION _Kv
A-l 120
A-2 120
P\"3 75
Retest 34, 45

60
A-4 34, 50

68
B-1 110

165
B.2 58,92, 110

155, 210

B-3 51

48
C-’l 7, 12.6, 1#05
E-1 Secondary 200

to ground
E-2 Primary to 6 to 31
ground

E-2 Pri to Sec 64

B . Y ah adiii o S W YO -,

Alternator Coil Sections
Insu:lation Layer

0

l
2
3

49

11
13

STATUS
Failed
Failed

Failed
Passed
Failed

Pass
Connector Joint
Pass
Failure Borderline

Failed

Pass
Damage Indicatec

Pass
Fail

Passed
Failed

Failed

Passed {chopped wave)

-

Pulse Test Vcitage, kv
Pass Failed

8
10
13
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The cable assemblies, cables, and connectors failed to meet the specified surge voltage
test requirements due to flaws in the connector insulation system. The damaged
connectors on configuration A-3 was removed and the cable submerged in oil and tested.

It subsequently failed the pulse test by arcing between the shield and conductor across the
two-inch insulated suriace.

TSR TR T A
PP

PN

Ly mfi Ara

Four capacitors were pulse tested. Capacitor C-1 passed the 200% pulse test, the other
capacitors failed at much lower voltages. Capacitor C-1 was designed for pulse
application. The low-voltage breakdown for capacitors B-1 and B-3 indicates overstress

during the dielectric withstanding voltage test. Test data for the test articles listed in
Table 6.4-7 is attached as appendices B and D.

PU L ks A Aiee SrbC A noR LU e ek

Two transformer coils were pulse tested. The first coil failed when the first surge was
impressed across the secondary winding. The second coil was used for subsequent tests.

The coil passed the primary tc secondary test but failed the primary winding test. The
test data is recorded in Appendix C.

TTLTIRATS T

i ming
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The alternator coil sections were pulse tested with and without insulation strips. A fact

Lot g Fak et N

pulse was used for this test, having a 500 nanosecond rise to full voltage (negative) and a
fall to near 0 voltage in 2.5 microseconds as shown in Figure 6.4-1. The coil sections

- - .
CLATY oy Hreats L3 b e AN s traie. ¥

! ¥, < P2 1 RUSUP AL PPN L Y LR
L R AR L A B et MR B R L YA TR L3

were short (approximately 20 cm long) low-inductance test articles. These short pulse

TR SRS

tests give a higher surge stress to the insulation system. The test data are shown in Table
6.4-8 and Appendix C.

‘ Photographs of a pulse voltage applied to an alternator coil with good insulation integrity
; and high pulse voltage capat lity are shown in Figures 6.4~1 and 6.4-2. Breakdown is
; indicated by loss of the original wave shape, such as an oscillation (Figure 6.4-2).

POTRORT
!

An alternator coil test jig with two coils mounted on the jig are shown in Figures 6.4-3

S L

and 6.4-4. A side view with the intercoil insulation slabs in place between the upper and
lower coils halves is shown ir Figure 6.4-3. An end view of the insulation slab is shown in
Figure 6.4-4. Kaptan tape was placed over the edges of the insulators to lengthen the
tracking surface distance. The two spaced cuils represent the two phases of the
alternater. The pulse waveform was applied between phases (coil A and coil B).

N
Ak
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Figure 5.4-1: Generator Coil, D-2 Negetive Pulss;
Vertical: 4kV/div, Horizontsl: 500us/div.
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i Figure 6.4-2: Generator Coil, D-7 Negative Pulse Failurs;

3 Vertical: 2kV/div, Horizontsl: 500us/div.
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Verification iests were made on the insulation slabs. The slabs, 6" x 6" x 1/2", were
placed between a 7/16-inch diameter rod and a 2 1/4 inch diameter Rogowski surface and
tested. A photograph of the test fixture electrodes and the test fixture with a slab in
place is shown in Figures 6.4-5 and 6.4-6, respectively. The test results for the coil tests
and insulator tests are shown in Table 6.4-9.

Table 6.4-9: Ali.ernator Coil and Insulation Pulse Tests

Test Pulse Test Voltage kV
Article Passed Failed
(Flashover)
Alternator Coils : |
(Phase-to-pha.ie)
Alv insulation 30 35 !
Solid insulation 56 6l S
Insulation (rod gap)
Specimen #1 65 80
Specimen #2 90 100

i 0
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The coils successfully passed a 200% surge test but failed the specified 340% specified
surge test. The test report is attached as Appendix D.

The cable assembly A-7, was connected such that the cable A-5, connector A-6, or cable
assembly could be pulse tested. The test results are shown in Table 6.4-10. To pass the
test, the pulse height had to be equal to or greater than 34 Kv peak. The test article in
all three configurations passed the test. The connector failed when the test voltage was
purposely increased to 300% rated voltage (50 Kv peak).
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Figure 6.4-5: Test Fixture Electrodes
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Figure 6.4-6: Test Fixture With Sleb in Place Ready for Pulse Test
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TABLE 6.4-10: CABLE ASSEMBLY PULSE TEST DATA

4

¥
X
Edl
i
3
b))
;a
4
4
A
7
£

Test Part Test Voltage
Article Designation KV Peak Status
Cable A-5 35 Pass
Connector A-6 35.5 Pass
Cable Assembly A-7 34.1 Pass
50. 0
Connector ’

failed

PP e e & FFENH S
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6.4.7 Partial Discharge Test. Each test article was subjected to either the ac or dc S

LIRS e AR i £ S0y de- 4

partial discharge tests delineated in Paragraph 6.3.7.1 prior to the pulse test unless 3
otherwise indicated, using the instrumentation specified in Paragraph 6.3.7.2. Test results
for the cables, cable assemblies, connectors and capacitors using direct current are shown
in Table 6.4-11. The laboratory test data for these items are tabulated in Appendix F.

A RTUR TR AT LT

The pulse height count criteria were determined by tes¢ at rated dc and ac voltage.

Gl AL

For those unrated test articles the counts were determined by test at the partial
discharge initiation voltage. The spectral counts collected by the pulse height analyzer !
are ery high in the lower channels (low pc values). The test criteria was that channel 4

e — - - w g

WRTEY

which was a crossover from high density counts to low density counts. That is, where the

=Ty

number counts per channel dropped to a value less than 3% of the maximum counts per

3
-

channe! in the lower channels. This crossover point is indicated by the column "counts at
PC" in the tables starting with 6.4-11.
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“ TABLE 6.4-11: DC PARTIAL DISCHARGE TEST DATA

3
%
o
2
;
¥
b3
i
'
i
A

Number of partial discharge/second at rated voltage - post pulse test

Pulse Height - PC

3 Test Part Test

: Article De s.gnation Voltage, kV Highest Counwi at PC Count over PC
Cable A-1 75.3 4c 5 20 43 20

g Cable Assembly A-2 Connector Breakdown

" Connector  A-3 60.3 4 15 3 0 &
Cable Assembly A-4 50.3 5 40 & 0 4
Capacitor B-1 100.1 40 2 2 22 20

f Capacitor B-2 99.7 4 5 & 0 4
Capacitor B-3 Breakdown Occurred at 2.5 kV

1 Capacitor C-1

| Prepulse 15 ! o 1 0 1

3 Postpuise 15 2 1 2 0 2

E

The alternator coils strip were tested with three 6-mil Fusa-FabR polyester strips
between the insulated conductors. Each conductor is wrapped with nominal 10-mil build
glass epoxy. The ac initiation and extinction voltages are tabulated in Table 6.4-12. In
addition, the counts/minute at the specific partial discharge magnitude and pulse height
: analyzer channels are recorded in Table 6.4-13,
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TABLE 6.4~12: GENERATOR COIL INITIATION/EXTINCTION VOLT/& -
Test Insulation* Initiation Extinction
Thicknass, Voltage, Voltage, .
mils kV kV
1 38 2.9 2.6
2 38 2.9 2.7
3 33 2.85 2.75

*Between conductors

2ot SV RE et

TABLE 6.4-13: GENERATOR COIL PARTIAL DISCHARGE COUNTS/MINUTE AT 2.9kV
USING THE PULSE HEIGHT ANALYZER

|
i3
Picocculombs, Analyzer é
PC__ Channel Counts/minute 3
4
20 19 37 3
40 56 92 g
60 9% 78 :
80 129 52 g
100 166 42 E
200 333 8 3
350 498 1 ;
The pulse transformer, E-2, was dc partial discharge tested before pulse testing, tcllowing 3
the primary to secondary winding pulse test, and after the primary winding pulse test. ‘?;
The test resuits are recorded in Table 6.4-14. ;
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Table 6.4-14 Pulse Transformer, E-2, dc Partial Discharge Test Data
Pulse Height - PC

Test
Voitage
kv Highest Counts at PC Counts over PC
Before Surge Testing
20 0.6 0 0 0 1
28 12 75 5 81 5
45 20 10 10 43 10
Post Primary-to-Secondary Surge Test
20 1 1 1 0 1
28 20 5 10 21 10
Post Pritnary Winding Surge Test
20 12 3 10 7 10
28 15 1 10 4 10
45 20 I 20 0 20

Partial discharge data were taken at 60 Hz and 400 Hz for the cabies, connectors, and
cable assemblies listed in Table 6.4-15. These data were taken at voltages exceeding the
partial discharge inception voltage level in most cases. In all cases the highest
picocoulomb readings exceeded the specified limits in the criteria documents. When the
data was taken at a value less than the extinction voltage (CEV) the highest PC's were
within the specified limits (See part A-Z, Table 6.4-15).

The ac and dc partial discharge data are compared for cable assemblies in Table 6.4-16.
The higher inception voltage and the non-varying voitage greatly decreased the pulse
height and counts for the dc voitages.

Partial discharge data were taken for three pulse transformers using ac voltage. The test
data is shown in Table 6.4-17.

6.5 Discussion of Test Results. Test data are discussd and analyzed in the following
paragraphs. The High Voltage Criteria Dccuments listed as Appendices in AFAPL-TR-
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2024, "High Voltage Specifications and Tests (Airborne Equipment)", April 1979, will be
updated using the information obtained from the test data.

6.5.1 Test Objectives. The primary objective for the testing was to determine the
acceptable test limits for airborne high voltage components. The secondary objective was
to evaluate each type of test and determine whether it is a destructive test or an
evaluation test.

Tested components were to be unqualified commercial devices that may be tested to
destruction to meet the above goals. The destructive tests were dielectric withstanding
voitage and puise tests.

6.5.2 Insulation Resistance. These tests are usually taken at low voltage (500 volts dc or
less) and are used to determine the probability of short circuits and the current rating of
the power source required for high-voltage dc testing. Components and siioit cable
assemblies used in airborne and airborne-support high-voltage systems should have
insulation resistance readings exceeding 500 megohms. All test articles exceeded that
value.

Insulation resistance values specified in the criteria documents are compared to the test
data as shown in Table 6.5-1. These data show that the values specified in the documents
are much lower than the values obtained for the test articles. This implies that the
criteria document data should be increased to the values shown for "New Criteria
Document Values” in Table 6.5-1.
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Components

Cable

Cable Assembly

Capacitors

Connectors

Alternator Coil

Transformer Coil

6.5.5 Capacitance and Dielectric Absorption. These tests are component rating

Part

A-1
A-3
A-1

B-1
B-2
B-3

A-2
D-1

E-2

I 'iteria
“ucument,

Test Article Designation Megohms

Not
Specified
500
50,000

500

Not
Specified

Not
Specified

Test
Data,

Megohms
2x10%
2x10%
2x108

1.25x10°
1.0x108
5.6X10°

2.0X108

0.7 to 2X10°

1000

verification tests used to evaluate the component quality. No changes are required for
the criteria documents.

6.5.4 Dielectric Withstanding Voltage. The values listed in the High Voltage Criteria

documents must be modified. Although all the components passed the specified dielectric
withstanding voltage (DWV) tests, the capacitors were damaged by the test as determined
by the high partial discharge readings. The cable assembly, cable, and connector test

values are acceptable as recorded in the criteria documents. The compared data and new

data are shown in Table 6.5-2.

Each test article should be tested for partial discharges before and after the DWV test to

TABLE 6.5.1: INSULATION RESISTANCE

New Criteria
Document Value,

Megohms

1x10%/1t. length

1X108/1t. length
1X10°

1x108
1x10*

1000

further evaluate the probability of damage to the test article.
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TABLE 6.5-2: DIELECTRIC WITHSTANDING VOLTAGE (DWV)

___Component Rating, Test Voltage  Proposed
Test Part kv Specified, Passed, Value, % Rated
Article Designation _DC kV kv kv Voltage
Cable A-1 90 144 144 144 160
A-3 €0 100 100 100 160
Cable Assembly  A-2 90 144 144 144 160 j
3 3
: Connector A-3 60 100 100 100 160 4
5 4
: !
Capacitor B-1 100 200 200 160 160 i
3 8-2 100 200 200 160 160 3
3 B-3 80 160 160 128 160 3
: Alternator Coil  D-1 2.8 3.6 3.6 4.5 160 i
3 Sections %,
Phase-to-phase  D-2  29.6 48 24.7(air) 48 160
r Pulse E2 20 40 4s 32 160
A Transformer o
: 6.5.5 Pulse Test. More information was gained from the pulse tst than from the DWV %
4 test. First, the values specified in the criteria documents are too high, and second, a high 3
i ::'
K voitage pulse may permanently damage the insulation system in the vicinity of a bonding E
i flaw. Pulse test data corrections to the criteria documents are shown in Table 6.5-3. "”
g ]
i
? é’
?, v
3
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TABLE 6.5-3: PULSE TEST COMPARISON

Components Rating,
Test Part kv
Article Designation DC
Cable A-1 90
Cable Assembly A-2 90
Cable Assembly  A-4 60

Connector A-3 60
Cable A-5 17
Connector A-6 17
Cable Assembly  A-7 17
Capacitor B-1 100
B-2 100
B-3 30
c-!
Alternator Coil D-1
Sections
Phase-t0-Phase D-2

Pulse Transformer E-2
Primary to Ground
Secondary to ground

Pri-to-secC

Test Voltage

Specified, Passed,
kv kV
360 120
failed
360 120
failed
210 50
68
failed
210 45
60
failed
34 35
34 35.5
3 34.0
50
failed
400 110
165
failed
400 110
210
failed
400 51
failed

Proposed

Value, % Rated
kY Voltage
180 200
180 200
120 200
120 200
34 200
34 200
34 200
175 175
175 175
190 175
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The proposed values for the components are easily justified since each of these items
must be capable of withstanding the normal line transients imposed upon these
components- Crowbar circuits and vacuum tube (when used) shorts can generate transient
.3 peak values of 160% normal line voltage (Reference 2). In addition, insulation systzms

E should be capable cf withstanding shert duration peaks {less than one second) 20% higher
than the one minute DWV peak voltage.

Examples of a cable assembly insulation system damage by pulse testing are shown in 1
Figures 6.5-1 through 6.5-5. The first example shows the damage to test article A-2, a 90 §
kV cable assembly.

e e vmr e e - e

3 The cable assembly A-2 was tested to 120 kV peak. Following the test, the vest data
waveform indicated an insulation breakdown. The cable was examined and a puncture was {
visible at the cable shield termination, Figure 6.5-1. The termination was dissected and
the insulation flaw was found 10 be between the primary insulation and the shield
extending into the primary insulation toward the inner conductor, Figure 6.5-2. In Figure
6.5-3; the delaminated insulation system is exposed. Shown is a crack and a very dark
spot where the arcing occurred. The bright area indicates ar unbonded section near the
shield termination - an air filled veid.

)
3

s
-

pER
s .

The second cable assembly A-4 also failed the pulse test. Following the test, the cable
was examined for visual failure. A smokey haze was found on the connector termination.
The termination was unassembled and the parts examined. In Figures 6.5-¢ and 6.5-5 are
3 shown the 1ner surface of the connector sheli and the braid. Both show indications of the
E internal insulation failure. The insulation was badly charred between the braid aid inner ‘
X conductor.

42

4 Cable assembly A-7 was submerged in a container filled with transformer oil as shown in i
Figure 6.5-6. The test article was connected as a cable by connecting the connector shell
to the center conductor. in this configuration it passed the 34 Kv pulse test. It was then
configured to test the connector by connecting the cable center conductor and shield
braid to the high-voltage test terminal. Again it passed the 34 kV puise test. The last
configuration was to apply voitage to the cable assembly. That is, ground the cable braid
and the connector shell and apply the pulse to the center connector. The cable assembly
passed the 34 kV puise test. When subjected to a 50 kV pulse test, the connector arced

Reference 2. "Transmitter Transient Study"
Boeing memo, J. Fitch to W. G. Dunbar
67
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over as indicated by the oil bubbling and swirling in Figure 6.5-7. A few minutes later the
destroyed connector part and carbon was visible as shown in Figure 6.5-5. Photcz of the
connector before testing (Figure 6.5-9) and after testing are shown in Figures 6.5-10 and
6.5-11. Note the 0-rings and insert insulations were destroyed by the 50 kV pulse.

Pulse Transformer. Puise tests should not be applied through the pulse transformer
secondary coils. The high inductance of coils prohibits an even voltage distribution across
the turns of the coils. Most of the pulse will be across the turn near the pulse initiation
terminal, with the per unit voits per turn decreasing toward the grounded terminaticn.
The primary coil iz purposely wound with low inductance (few turns) and resistance and
must respond to a direct applied puilse.

Insulation between turns, coils and the core are designed to withstand the surge voltage

stresses. Therefore, external pulse tests should only be applied to the primary and to the
: insulation between:

a) primary to secondary,
b)  primary to ground (cora),
¢) secordary and primary (tied together) and ground (core).

a Applying a pulse voltage to the secondary of the pulse transfcrmer coil resulted in &

failure which was caused by the unequal distribution of voltage across the turns inthe --— ..
winding as shown in Figure 6.5-12 to 6.5-18. The high inductance of the turns to the wave
front (high-frequency) started an arc from the high voltage termination and half way

across the insulated surface of the insulation where it penetrated the insulation between
turns (Figure 6.5-12). Photos of the insulation damage to the three layers insulation are
shown in Figure 6.5-13. The first layer (outer) turns sustained damage on both ends of the
winding as well as damage through the three insulation layers (Figure 6.5-14). As the arc
penetrated the coil, it damaged all the insulation between winding layers as shown in

Figure 6.5-15 through 6.5-18.

TEXY, AT T AT
.-

LD e el )

Insulation testing between coils (primary and secondary) and between coils and the
core/ground did not result in extensive damage. Likewise, the primary is designed to
accept the stresses applied by the puise voltage.

n
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Figure 6.5-8: Breakcown of Connector A-6 Under Oil With 50kV Charge
Applied From the Puise Test Circuit

Fiyure €.5-9: Caule Assembly A-7 After 50kV Pulse Test
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Figure 6.5-10:" Front View of Connc.cto: A-G After 50kV Pulse Test
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Figure 6.5-11: Dissection of Connector A-6 After Pulse Breskdown Test
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Figure 5.6-13: Unwound Nomex Between 1st and 2nd Secondary Layer
Windings Showming Punctures and Carbonized Path
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and Termination Points of the Arc
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Figure 6.5-17: Secondary Layer Winding With Multiple Punctures
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Partially Unwound Outer Primary Winding Showing Puncture

Figure 6.5-18.
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Secondary winding pulse testing should be accomplished by an induced voltage test. The
over-voltage pulse test to the primary would also be over-voltage pulse test (o the
secondary simultaneously; it would also test the insulation between the wincings along
with the insulation between the winding and the primary/secondary to core (ground).

Alternator Phase Coils. Two coils were installed on an alternator rotor jig as shown in
Figure 6.4-3. The fiberglass epoxy spacers were placed between the coils to simulate the
insuiation system in an alternator. During the test it was found that extra surface was

required to prevent surface tracking at high voltage. This extra surface was developed by
adding Kapton insulation to thz edges of the spacers.

The test voltage was calculated in accordance with the newly revised IEEE test standard
as published at the 1981 Power Engineering Society Winter meeting as shown beiow.

The test results show that the insulation system is acceptable at 60 kV peak using the 1.2
microsecond rise pulse. These test results should be considered a worst case analysis
because the windings in the actual machine would be completely potted.

For a 1.2 microsecond pu!se the test voltage should be:
t = 1.2 microsecond

V2 = 0.5t + 1.9 per unit surge voltage
=0.5(1.2) + 1.9

= 2.5 per unit
Vo =25V V.
= 2.5v2/3 X 29.6
= 60.2 kV
Calculated value = 60.2 kV
Test value = 56 kV pass
61 kV pass

Reference 3, "Impulse Voltage Strength of AC Rotating Machines", [IEEE Committee
Report, PES Winter Power Meeting 1931, Paper 81WM 182-5.
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Since there was trouble with the test setup, it was decided to test the insulation slabs
which were used to separate the coils. The two test slabs passec 65 kV and 90 kV,
respectively. Specimen #] was tested and some tracking burns existed on the slab.

6.5.6 Partial Discharge Test. The partial discharge test data indicate that test articles
damaged by DWV or puise testing have very high partial discharge test signatures. This is
an indication that more voids or insulation separations exist either by delamination as in
the case of cable assemblies, or by the liquid being forced from weak areas within the
capacitor foils. All capacitors, cables, and cable assemblies that indicated pulse test
damage had higher than normal picocoulomb readings.

6.5.6.1 DC Tests. A capacitor with no indication of pulse test or DWV test damage (C-1)
had very low dc picocouiomb readings. Likewise, connector A-3 had very low dc readings.

The actual test data shown in Appendix E has a multitude of counts at picocoulomb
readings less than 0.6 picocoulomb. Most of these counts were caused by laboratory
background noises generated by transformers, wiring, and other electromagnetic
interference from electronic systems within the unshielded portion of the laboratory. The
large power supply used for high-voltage testing was unshielded.

Listed in Table 6.5-4 are the dc partial discharge specified values, test values, and new
values proposed to update specifications for the eight test articles. Only three
specifications require change: capacitors, alternators, and transformers. The open coils
of the alternator will permit { .aeration of greater quantity and magnitude of partial
discharges. The capacitor maximum geak values should be reduced to 100 pc rather than
1000 pc to be more consistenit with the other test values achieved. Likewise, the
transformer peak values based on dc testing should be increased.

6.5.6.2 AC Tests. The generator coils, pulse transformers, and cable assembly listea in
Table 6.5-5 were tested for partial discharges using ac voltages. The generator coils are
insulated with a glass impregnated matrix with the edges of each coil exposed to
atmospheric conditions. Therefore, partial discharges will be generated within the glass
natrix and in the air space across the coil edges. These values may approach or exceed
400 picocouiombs. These large readings, althcugh undesirable, will not damage the glass
matrix insulation within the allowable 100 to 1000 hours lifetime of the insulation system.
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In a large system there will be several ac and dc voltage levels. The component
evaluation testing indicates the higher voltage components will have hi her picocoulamb
signatures than the lower voltage components, that is, the higher the test article rated
voltage, the higher the number of counts and the higher the maximum. picoc sulomb partial
discharge. A value of 2 PC/KYV is reasonable for large, long cables and very la"ge
transformers with life less than 1000 hours. For longer life componerits the cout and
picocoulomb *alues must be reduced to | PC/KY or less.

Indications of aamage or life degradation were shown in Table 6.4-15 for the tests made
on cable assemblies A-8 and A-9. Cable A-8 is a new cable and cable A-9 is a cable
previously subjected to 2x197 pulses. The tests indicated only background noise at 9.4 KV
for the new cable (less than 10 PC) and 12 counts at 570 PC for the used cable. The latter
is a true indication of damage to the cable. From these data it can be assumed that an
increase of 10 times the new component pc signature is an indication of damage. An
increase of over 100 times the new component pc signature is an indication that the
component is approaching end-of-life,

Typical pc signatures for cable assembly A-7 at 6 KV and 7.4 KV and 400 Hz are shown in
Table 6.4-15 and Figures 6.5-19 and 6.5-20.
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) Rated Voitsge 17 kVdc
3 Applied Voitage 8 kVac
S Frequency 400 Hz
e Eispsed Time 80s b
"\1
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w L ] ¥
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- ADD M.C
CFS oG MRC

Table 6.5-19: Cable Assembly A-7 Picocoulomb Signature
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Rated Voltage
Applied Viitage
Frequency
Elaneed Time

21 kVde
741 kVac
400 Hz
60s
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..'-.‘L. L [ ]
2000

RE™

L

SET PLOTww PICOCOULOMBS
GRP 2 CH 222

AL e K
CFS LG MRC 250 PBA

Table 6.5-20: Cab’~ Assembly A-7 Picocoulomb Signeture
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7.0 CONCI.USIONS

Based on the test articles evaluated in this program, the following summary
statement, overall conclusions, and results are presented.

Y

T TN

o The high-voltage test articles were subjected to the insulation resistance,
capacitance, dielectric withstanding voltage (DWV), pulse, and partiai discharge
tests as specified in the High Voitage Criteria Documents published in the USAF :
document AFAPL-TR-79-2024. It was found that the insulation resistance and :
capacitance test methods and parameters are acceptable. The partial discharge and :
dielectric withstand:ng voltage test methods are acceptable but the pararneters
must be revi.ed, and the puise test parameters must be revised. ’

LIS g vy g i

Lo Ronaus el e LS of ragiat 4 3

o The dielectric withstanding voltage parameter must be reduced to 160% component
rated voltage. '

BRI e ]

The pulse peak voltage must be limited to 260% component rated voltage. In
adgdition, the pulse test time-voltage wave shape must be revised to the acceptable ;
iimits of test equipment and instrumentation. However, if more realistic wave
shapes cannot be determined due to lack of system definition, the standard 1.2 X 50
micro second pulse shall be used.

[«}
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o A new test sequence should be followed. The sequence shou!d be:
insulation resistance

A el

capacitance 4
partial discharge
dielectric withstanding voitage

3 partial discharge

L A B ae e

0 Based on the test results in this program, components passing the DWV and pulse
tests should pass the second partial discharge test with less than 20% increase in
maximum picocoulomb partial discharge magnitude and total number of counts in a
one-minute test period.
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o Partial discharge magnitudes for the generator coils must be much higher
than for shielded or contained components, such a. cable assemblies and capacitors.
Picocoulomb values t5 50C pc are accepiable for the glass matrix materials.
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o Generator cable assemblies and connectors must be tested separately and remain
within the acceptable limits for the components.
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APPENDIX A
DIELECTRIC WITHSTANDING VOLTAGE

e . A 7t o e sam o
28 wt%E s Leed,

Two cable assemblies, three capacitor, and two alternator coil segments were tested for
dielectric withstanding voitage. The test results are shown in Table A-1. The coil .
segments were insulated as described in Paragraph 6.4.5. In addition, FUS-A-labR ‘
polyester and glass tape strips 6 mils thick were placed between the insulated surfaces to ;
simulate the alternator coil wedge spaces.
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g APPENDIX B
1 PULSE TEST DATA FOR CABLES AND CAPACITORS 3
:
E < Two sets of pulse data were taken. High voltage pulse test to 225 kv peak were conducted :

AMANL L

by Technology/Scientific Services, Inc. personnel in the Electromagnetic Hazards Test § i
4 Facility, AFWAL/FIESL, Wright Patterson AFB, Ohio, for the cables, cable assemblies, : ;
{ capacitor, and connector. The generator coils were tested at the Boeing Lightning ‘j
5 Laboratory. Both sets of data are in this Appendix. i3
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TECHNOLOGY 'SCIENTIFIC SERVICES, iNC.

A SUBSIDIARY OF TECHNOLOGY INCORPORATED
P. O. Box 3065, Overlouk Branch, Dayton, Ohio 45431
Tel. (513) 426-2405

November 20, 1980

TEST RESULTS OF TEST ARTICLES - CONTRACT No. I23615-79-C-2067.

LIST OF TEST EQUIPMENT USED:
4 A Marx Generator: 2-7 stages used, .35ufd - .1lufd, 35 KV-225 KV.
A Hipotronics Voltage Divider: Model RVD 1000

TRE AT

A Hipotronics Fower Supply: Model #8100-25
A Hewlett-Packard Storage Oscilloscope: Model #1744A (100 MHz).

$RIT
e AR L E 8 L s 25t a1 3 it a6 K TR Sasr T i ACTIAS A,

3 A schematic of the test setup is shown in Figure 14.

TEST ARTICLES AND RESULTS
: #1. Cable Assembly, (A-2) and connector, A-4 (60 Kv)

T RPN PIL T2 E

Initial charge on the Marx generator was set for 120 KV as
per test plan. ("Test Articles'", Boeing memo 2-3743-0SWS-426.

, 27 October 1980).

TR R T POV

N e a W we m e

The oscillograms show that the cable broke down at 75 KV,
(See figures Bl andB2).
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FigureBl. Vertical: 25 KV/div Horizontal: DSusec/div
Oscillogram of First Shot onto Cable Assembly
(=75 RV). -
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: Figure 2, Vertical: 25 KV/div Horizontal: 5Susec/div

3 Oscillogram of #2 shot to Cable Ascembly with

] #1 Breakdown Point Put in Liquid Freon. (=75 KV)

:

f, The connector was removed from the end of the cable assembly

E and the HV end was tested with the open end of the cable in the

freon. FiguresB3-BA5 show the resulting impulse test results.
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FigureB3. Vertical: 10 KV/div Horizontal: 2usec/div

An Oscillogram 5f the Impulse Applied to Connector
With Cable Open End in Freon. (=34 KV),
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A FigureB4. Vertical: 20KV/div Horizontal: 2usec/div
3 A Repeat of Shot #3 to Verify Voltage Level(=34KV).
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Figurea5. Vertical: 10 KV/div Horizontal: 2usec/div
Increased Voltage Applied to Comnector Assembly
and Cable Open End in Freon (= 45 KV).
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3 Figi-re86. Vertical: 20 KV/div Horizontali: 2usec/div
- Breakdown Vcltage Waveform on the Connector
and Caktle Assembly with Open End of Cable in
: Freon. {= 60 XV).

#2. The 40 XV Cable (A-4) and £nd Recepticles

i LT AANE DM BAIIN 5 adt 31k A it A e Vet Y s

: A single pulse of 51 KV potential was :¢pplied to the assemisly
and it broke down at an estimated level of 43 KV. A poor quslity

3 trace was recorded on the oscillcscope which prevented an oscillo-

i gram from being obtained.

3 #3. Capacitor 8-3

STV R VS TN 3. UINT PO SN 2 FI, Vs B Y 1Y XEVE RN

The Marx Generator was set up to discharge with a 51 KV
§ peak voltage impulse waveform across the capacitor. The capacitor
: broke down prior to that level. Oscilloscope camera problems
1 prevented an oscillogiaph of the results.

P IRl

f#4. Capacitor B-2

8]

The initial test level on this capacitor was just under 60 KV.
Due to previous corona tasting it was felt that some dielectric
polarization had taken place; since the B-2 capacitor
had gone at such a low voltage. Thus the negative end of the
capacitor was attached to the Marx. The Marx was being fired
with a negative pulse. Figures B7-R11 show the applied voltage
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Figure B7. Vertical: 20 KV/div

Horizontal: 2usec/div
Initial Pulse Applied to Capacitor R-2,
Peaking at Approximately 58 XV.

Figure B8. Vertical:

20 KV/div

Second Level of Applied Voltage to Capacitor
B-2 Peaking at =92 KV. Note: Slight
Breakup in Decay Side of Waveform.

Horizontal: 2usec/div
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3 FigureB9. Vertical: 50 KV/div Horizontal: 2usec/div
4 Third Voltage Level Applied to B-2
: Peak Voltage =110 KV. No Break up of Waveform
: Noted. 1

MR NP ke L Gatdesn b b 2P 1T
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Figure B10. Vertical: 50 KV/div Horizontal: 2usec/div
Fourth Level of Applied Voltage to B-2
Peak Voltage =155 KV. The Spiking Seen on the
Decay Side is Due to Observed Arcing in the
Discharge Circuit of the Marx Generator.
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Figure Bl1l. Vertical: 50 KV/div Horizontal: 2usec/div
The Last Shot of Applied Impulse Voltage to
Capacitor B-2 of Approximately 210 KV.
Note Just at the Peak the Waveform Breaks Up.
It was Felt That This Would be About The Upper
Limit For the Dielectric Hold Off.

R 1, 3 Pt A Vs M AL B A 1nre eSSt K2 D IR e AN SRR 4

#5. Capacitor B-1

The capacitor was set up similiarly to the B8-2 and it was
checked to ensure that the negatively static tested lead was
attached to the Marx Generator output. The initial level was
about 100 KV. (See FiguresBl2 andBl13).
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FigureBl2. Vertical: 50 KV/div Horizontal: 2usec/div
Initial Pulsed Voltage Waveform Applied to
B-2 =110 KV Peak.
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Figure B13. Vertical: 50 KV/div Horizontal: 2psec/div
The Second and Last Voltage Waveform Applied
! to B-1 with =165 KV Peak.
The Reason for the Last Shot is the Break Up of
the Waveform Indicating That the Level is Close
to Breakdown of the Capacitor's Dielectric.
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1 Test Article

: 2  Fiber Optics Transmitter and

t; Attenuator

3

4 3 Fibder Optics Receiver

3 4  Oscilloscope ~—

: 1
E 5  Fiber Optics Cable

E Voltage Divider

" .35-.1ufd .

E /

3

N

' - 440 Q

(&

1
2
/
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PR = e

Figure Bl4. A Schematic Showing thc Setup of the Marx Generator,
Test Article Location, and Measurement System.
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; #6. Hughes Capacitor - HIJG864014, Serial #13 (2.2ufd - 15 KV)

The capacitance of the Marx generator proved coo low to cest
the Hughes capacitor, therefore, another generator needed to be
set up. This consisted mainly of a 4ufd, 50 KV capacitor and
discharge circuit. Figure l4a is a line drawing which shows the
resultant circuit used.

RITTY R LT

R P T el T Fat g pte

1 - HV Probe

DY P S e sppmay

2 - Gscilloscope

2 a B i AT rTAL 2 1

4ufd -1: 2.2uf

-
-
*

R ey 3 0

o1 e ury R

Figure Bl4a. A Schematic Drawing of the Circuit and Measure-
ment System Used During the 2,2ufd Capacitor Test.
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No specification on applied waveform was given, so a one micro-
second front time with a 40-50 microsecond tail time was set up
without the test capacitor added. FigureBl5 shows the voltage
w;veform measured across the Hughes capacitcr on the initial pulse
of 7 KV.
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Figure B15. Vertical: 2 KV/div dorizontal: Susec/div
The Oscillogram of the Pulsed Voltage Waveform
Across the c-1 , Serial #13 Capacitor,
7 KV Peak.

100

. ————— -
- RO -




BIGT A o T T Ll e s

10

Figure B15, shows a frequency riding the impulse of 100 KHz.
The exact cause is not clear but the internal inductsnce of the
two capacitors along with lead and connecticn inductance could be
sufficient to cause the ringing noted. The equivaleat capacitance
would be 6.2ufd; with the 100 KHz signal, the inductance would be:

1
L = (ZTff)zC = 0.10091.111

The 609 resistor in parallel with the two capacitors esffective-
ly dampens out the ascillation in about 40 microseconds.

£ Another observation was that the charging voltage on the gener-
3 ator 4ufd capacitor was approximately 5 KV. There appears to be
i a voltage addition involved.

Figure 16 brings out an interestirlx% waveform which may help
to determine the addition mechanism. e charge voltage on the
generator capacitor was set for 10 KV.

B g amts i
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Figure B16. Vertical: 2 KV/div HYHorizontal: Susec/div
The Oscillogram of the Impulse Voltage as Applied
to Capacitor C-1 , Serial #13. The
Voltage Peak at 12.6 KV. The Oscillation is
Present and Also, a Change in Rate-of-Rise of the
Wavefront Can Be Seen.

O TR ST ST T

The change in rate-of-rise is of great interest but an exact
explanation is beyond the scope of this report, unfortunately.

The next test level was determined to be 11 KV on the charge
capacitor which would keep us below the maximum rating of the Hughes
capacitor of 15 KV. Figure Bi7 is a series of five oscillograms
in repetition to determine if the shots close to maximum deteriorate
the dielectric of the capacitor.

- o —— —— - -

- — e —— . — . ——— b1

. f
P - . ) PR
s e e G rini e AR TS




s L

ol 2"

TR oro

A L

#3

#5

AR/

IJohn G. Schneider

High Volta_e Test Engineer
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Figure 817. Vertical: 5 KV/div
Horizontal: Susec/div

This Series of Oscillograms Shows

the Waveforms of the Impulse Voltage
Applied to the C-1

Serial #13 Capacitor with the Same
Charge Voltage Each Shot. No
Noticeable Deterioration in Waveform
Was Noted After the 5 Shots - Voltage
Peak =14.5 KV.
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APPENDIX C

PULSE TESTS FOR ALTERNATOR COIL SEGMENTS

Boeing Laboratory tests using short straight segments of alternator coils with various
spacers, between coil segments, of 6-mil thick FUS-a-FabR polyester and glass tape.
Fast pulses, having 500 nanosecond rise time to full voltage (negative) a fall to near 0
voltage in 2.5 microseconds.
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Impulse Test Setup

Figure C-1
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Generator Coil
Breakdown at 8.0
Vertical: 2000 V/div.
Horizontal: 500 ns/div.

Generator Coil

1 Laye. Tnsulation
Pass 8 KV

Vertical: 2000 V/div.
Horizontal: 500 ns/div.

Generator Coil

1 Layer Insulation
Pass 8 KV

Vertical: 2000 V/div.

Horizontal: 500 ns/div.

Generator Coil

1 Layer Insulation
Breakdown at 10 KV
Vertical: 2000 V/div.
Horizontal: 500 ns/div.
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Generator Coil

2 Layers Insulation
Pass 11 KV

2000 v/div.
Horizontal: 500 ns/div.

TR T A8

LR A R LA

Generator Coil

3 Layers Insulation
Breakdown at 16 KV
2000 V/div.
Horizontal: 500 ns/div.

T4l Ul bt Ll bl

Generator Coil

2 Layers Insuiation
Sreakdown at 13 KV
Vertical: 2000 V/div.
Horizontal: 500 ns/div.

Generator Coil

3 Layers Insulation
Breakdown at 13 KV
Vertical: 2000 V/div.
Horizontal: 500 ns/div.
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APPENDIX L

PULSE TEST DATA FOR PULSE TRANSFORMERS AND ALTERNATOR COILS
Two sets of pulse data were taken. High vcltage pulse tests were conducted by
Technology/Scientific Services, Inc. personnel in the Electromagnetic Hazards Test
Facility, AFWAL/FIESL, Wright-Patterson AFB, Ohio,
SECTION 1
Surge Test data of a pulse transformer (E-1).

SECTION 2

Surge Test data of a pair of alternator coils on a test jig.
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CTM-146-81-72

TECHNOLOGY SCIENTIFIC SERVICES. INC.

A SUBSIDIARY OF TECHNOLOGY INCORPORATED
P. O. 3ox 3065, Overlook Branch, Dayton, Ohio 45431
Tel. (513) 426-2405

April 2, 1981

TO: Boeing Aerospace Company
P.0. Box 3999 Mail Stop 8K-75
Seattle, WA 98124

SUBJECT: Pulsé Transformer High Voltage Impulse Test

Introduction

This report describes the work performed under Purchase Contract
No. F95731 to Boeing through a subcontract with T/SSI. The task
entailed high voltage surge testing of a pulse transformer. The
tests that were performed followed the 'Generator High Voltage
Test Procedure" (Boeing test procedure). The tests were in accor-
dance with U.S. Air Force technical document AFAPL-TR-79-2024,

High Voltage Specification and Test (Airborne Equipment, April 1979).

Test Setup

The test called out two types of voltage waveforms to be used.
First a "full wave'" was to be used. This is the standard impulse
test waveforr (1.2 x 40 pus). The second waveform is a chopped

version of the first.

Chopped indicates that, after a minimum amount of time on,
a spark gap is fired (usually at a preset level) to prevent
the full wave form being applied to the test specimen.

To perform this test, the 1.5 Megavolt Marx generator was
used with some modifications to meet the volta%e requirements.
Also, a chopping gap was added to the output of the Marx tc perform
that phase of the test. Figure 1 is a schematic of the test cir-

cuit used.

The pulse transformer test consisted of three phases. The first
phase was to check the performance from secondary high to secondary
low from approximately 200 KV to approximately 400 KV. The second
phase involved checking between the primary and secondary at 20 KV
to 60 KV. The third phase involved checking the primary high
to low hold off at approximately 20 KV.

Buring the initial set up of the transformer it was realized
thar the air gap becween the cutput terminations of the trans-
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Figure D-1: Basic Test Circuit
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former could not hold off the test voltage. It was decided to put
3 the transformer into a dielectric container of transformer oil

(OT insulation 0:1, Electrical, VV-1-530A, Class 1, GSA 9160-00-
685-0914, Gulf 0il Ccrporation). This was to help insulate the
leads to allow the test voltage to reach the coil.

E Test Results

Figure D2 shows the set up used to test the transformer during ;
phase 1, secondary high to low. The first shot was set.up to fire ;
at 200 KV full wave; however, the Marx generator set up did not
fire, therefore, the voltage was increased to 210 KV total output
voltage (approximately 3 kilojoules of energy). Figure 3 shows
the result. Light can be seen from the windings of the transformer
and during the test a muffled explosion was heard coming from the
4 dielectric container. (See tableDI for summary of test results.)

e # R

AR A LR AL

T A TE T L R ATRUVy e R S T LN e L St e i e LS a4 Rart A a3

Figurep2. Setup of Transformer for High Voltage Full Wave
Surge Test onto Secondary Windiig.
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FigureD3. Picture of Flash Due to 210 KV Surge Pulse
Onto Secondary Winding.

Phase 2 of the testing is covered on test sheets 3-10.
Testing of the primary to s..ondary isolation began
at a voltage of approximately 10 KV and increased to a peak of
approximately 56 KV. Figure 4a and 4b shows an oscillogram and
picture taken when a test apparatus capacitor blew during test number 4.
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TABLE 01 2
Tabulation of Tests and Summary of Results
|
Test Test Waveform - :
Configuration Number Peak KV | Full | Chop Remarks :
Secondary High- 5
Secondary Low 1 210 p 3 Breakdown lst shot :
2 210 x Waveform check ;
i
Primary to :
Secondary 3 10 X
4 15 X Lost capacitor on
Marx
(31) x Corrected & contin- i
ued (Fig. 4a) X
5 30 X 1 of 2 (2nd during
chop test).
6 37.5 X Arc to Bucket
(Fig. 4b)
7 48 X
8 56 X
9 56 x Reld for ~1.5us )
10 64 X Held for -2.4us !
Primery High-
Primary Low 11 12 x Applied full wave- »
form :
12 12 X Chopped signal 7
recorded ;
13 12 X Chopped signal
recorded
14 6 x Signal still chopped .
15 ) X ’
16 28 X Marx did not fire i
17 28 X Chopped-carbon found ‘
in oil
18 31 p S Shows applied wave-
form (Fig. not
1 showrt)
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Phase 3 was a lower voltage also, 6 KV - 31 KV. The primary
high to low as impulse tested with a full wave (see FigureD5).
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Figure D°. Full Waveform Used in Testing of Phase 3.

Recomrendat:ions

The test procedure specified appears to be inadequate for a
test object of the type tested. It is recommended that the procedure
be reviewed prior to implementation and modifying it as necessary
to cover the specific test item. Alternatively, components which

must pass the test procedure be configured differently than the
item tested.

Q)AA Sl
John G. Schneider
High Voltage Test Engineer

114

T e e o By B =




Y Lo i BWAL e ROL vm, SR “ B T e e X BENT AT T

T/SSI TEST LOG

Test No. 1 Task Date 3/18/31 3

Test Item Boeing Transformer

See Figure 1

TSI AP AT PRI T T AT 7

'—..—-—.————————.—_———-—-———

Vcs 17KV C, = 46 oF

LD s L Lo e b i s AR T

;
i Rp=_¢ 840 e e =
B HV
% Scale Factors r__J
E f/o 1/ PR2 S Sec.
§ f/o atten 100
- atten 5 Vert. 20 uV /Div. 1
3 Vp 600 Horiz. 2 us __ /Div. -

Remarks First shot did not fire st 16 KV charge. Charged to 17KV
and reshot - held for an instant then fired - transfo

down and showed at chopped wave. Tested secondary - high side to
output & lowqrd'd. output voltage through resistors - 14 of 17 resjstors

t

Instrumentation Tektronix 555/preamp Type L é
Test Suvervisor J. Schneider Contract__ F95731
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T/SSI TEST LOG

Test No. 2 Task Date_3/18/81

Test Item Boeing Transformer

’1‘ See Fipure 1

v= 20V C_ = &5nF
c t

v = 210KV =
0, 210KV o=
I?= Rda 180

R = 840

Scale Factors

f/o 17

f/o atten 100

atten 5 Vert. 102 Ky __ /Div.
Vo 600 Horiz._ 2 ug /Div.

Remarks A waveform picture so we could verify that we tested with

the correct waveform.

Tnstrumentation Tektronix 555/preamp Type L

Test Supervisor J. Schneider Contract F95731
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T/SSI TEST LOG

i

] Test No. 3 Task Date 3/18/861 7
F‘ a‘
i Test Item Boeing Transformer f

T R R TR

1
T
1. former

%
b

vcg 20KV Ce ._fng

Casiavioanis

S‘ v = 10KV =
3 b ol Jp—
f Ip= Rda 1740
3 R =__ 60
B r;w
" Scale Factors
§ vp 600 PR\ 3 : SEc,
* atten 50 .:.
1 £/o 17 Vert. 20 mV  /Div. *
3 Horiz. 2 us___/Div,
3 Remarks Waveform of voltage applied secondary to primary -
with primary grd'd. 10.2 KV/div

Tnstrumentation__Tektronix 555/preamp Type L

Test Supervisor J. Schneicder Contract F95731
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T/SS1 TEST LOG

N

Test No. 4 Task Date 3/18/81

Test Item Boeing Transformer

TEST SHEET c oo A o e N :

T

Ly

See
3

T I T P I T T O YT

T

TR

STl a4

Vc= 25KV Ct = 70nF
V = =
Vo 15KV Lt

—————tea

TR,

1= Ry

RL=_____

RYPTUT ST

S~ale Factors

Vert. 10.2KV div /Div.
Horiz. 2 us /Div,

e e D at, canieaso 71 an aacl el

i Remarks lst shot blew capacitor - rearrange with 10 caps

Scale the same - off 2 resistor of 30

Tnstrumentation Tektronix 555/preamp Type L
Test Supervisor J. Schneider Contract F95731
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T/SSI TESR LOG
~, ‘ ‘

Test No. 3 . Task Dats, 3/13/81

PSPPSR B

SV,

Test Item Boeing Transformer e

K}

R

l ! e ..
PO SIROWRPLIS S S S S 4 2 o0 o
.

o)
w
;
1
|

b AAN—0
% V.=__25KV C. =_70nF
k?
JP= 30KV Lt =
X I= Ryg=
IR -
| L
% Scale Factors
¢ Vn 600

atten 100

3 f/o 17 Vert. 20 mV  /Div.
é Horiz. 2 us  /Div. Approx.20KV/div

Remarks __Using 4 resistors of 30

Tnstrumentation Tektronix 555/preamp Type L
Test Supervisor J. Schneider Contract F95731

-




IR .- N T b P ab R SRS ML b 1A 10 X Y

:
b
T/SSI TEST LOG I‘;
: 1
_ Test No. 6 . Task Date_ 3/18/81 E
:
] Test Item Boeing Transformer
2 3
: ;
2 e ey T
! g :
! See | :
] 1 '. |
'2 ! ~
; ! .
I i
- ! j
| i
!
! i
|
l
f
1
| .
3 Sc.;\.’xg Factors :
. '\‘,”
4 Vi 600 ;
b . ¢
3 atten, 100 .
4 £lo ™\ 17 Vert. 20 mV  /Div. b
*’*;3‘ Horiz. 2 us  /Div. :
3 ‘::’:‘\
1 ot . :
3 Remarks 5 of 30 resistors ;
! Something broke doim. Arc to bucket - .11 ushot (B) %
3 kY :
L N 3
F» \ f
s “,,_ g
E

3
Instrumentation Tektroni‘?‘;‘ 555/preamp Type L

Test Supervisor J. Schneidéy  contract F95731 -
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T/SSI TEST LOG

Test No. 7 Task Date 3/18/81

Test Item Boeing Transformer

’I\ iﬁ:ee+'j§
1

V =_25KV C, =
., _ 48KV _
Vo L, =

Ip= R4

R - e —————————— W G * WY WYY ~ I T C ™ i Sew

L —

Scale Factors

Vg 600

atten 100

__f/o 17 Vert. 20 mV /Div.
Horiz. 2 us /Div.

Remarks 6 of 30 resistors

Tnstrumentation Tektronix 555/preamp Type L
Test Supervisor J. Schneider Contract F95731
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T/SSI TEST LOG

Test No. 8 Task Date 3/18/31

RS WA “mw
- 3

!

At

OIS JartY

Test Item Boeing Transformer

<<
#
™D
=
<3
Q
]

- o
\/p:: 58XV Lt =
1P= Rd=
R, =

Scale Factors

Yy 600
atten 100
£/o 17 Vert. 20 mV  /Div.

Horiz. 2 US  /Div.

Remarks Maximum ratiﬂsof transformer

Tnstrumentation Tektronix 555/preamp Type L

Test Supervisor J. Schneider Contract F95731
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Test No. 2

T/SSI TEST LOG

Task

Date

3/18/81

Test Item

Boeing Transformer

T .
!

24¥V =
Vc o Ct
\]ps Lt =
1= Rd—
RL= -
Scale Factors
Vp €00
atten 100
f/o 17 Vert. 20 mvV /Div,
Horiz. 2 us /Div,
Remarks 7/30 resistor (20.4 KV/div)

Test called for minimum of 1.5 us before chop.

Tnstrumentation Tektronix 555/preamp Type L
Test Supervisor J. Schneider Contract F95731
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T/SS1 TEST LOG :
Test No. 10 Task Date 3/18/81
Test Item Boeing Transformer
T See
Sheet+
Q
.
Vc== 27 SKVCt =
Vv = 60KV =
V= 80KV L =
Ip: Rd=
RL=
Scale Factors i
VD 600
atten 100
£/o 17 Verc. 20  mV pjy.
) Horiz. 2 us  /Div. ;
]
Remarks 7/30 resistors
]
]
ITnstrumentation Tektronix 555/preamp Type L ,j
Test Supervisor J. Schneider Contract F95731 3

PErIRo)
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T/SSI TEST LOG

Test No. 11,12,13  Task Date 3/19/81

Test Item Boeing Transformer

not affecting results.

| :

1

:Eﬂ

T

A

= = ?

V. 26KV C, 70nF :

V= 12KV L = ;

p — Le 3

3

A

Hv &

Scale Factors §
Vn 600 Pri L Sec

atten 100 ' ' :

f/o 10 Vert. 20 mV  /Div. = :

Roriz. o us __/Div. é

Remarks 2 of 22 resistors - repeated since #1 showed chopped wave. é

#3 of same - to insure it was hooked properly and the bucket was %

3 shots all showed the same results.

Tnstrumencation Tektronix 555/preamp Type L
Test Supervisor J. Schneider Contract F9%5731
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T/SSI TEST LOG

Test No. 14,15 Task Date 3/19/81

Test Item Boeing Transformer

c —
vV = BKV L =
Ip: _ Rd= 1260
R = 60

Scale Factors

Vp 600
atten - 50
f/o 10 Vert. 20 mV /Div.

Horiz. 2us ¢ Div,

Remarks a ight change - longer tail-missed
—#14 - no oscillogram.
—— 1 of 22 resistors oun the output

Tnstrumentation__ Tektyronix 555/preamp Type L
Test Supervisor J Schneider Contract__ F95731
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T/SSI TEST LOG g
Test No. 16,17,18 Task Date 3/19/81 g
Test Item Boeing Transformer é
1
T See 51‘96{ ,(4!
\,'c= 35KV Ct = 70
Vv = 28KV =
Vpm 2 Lyt
= 2
Ry 120
Scale Factors . |
Vo 600
atten 100 ]
f/o 10 Vert., 20 oV /piv.
Horiz. 2 U8 /piv.
Remarks lst time Marx didn't erect.
#17 is 35 KV charge - no waveform was obtained (?) o
But some residue was found on the transformer oil. {carbon floating)
#18 waveform apptéged during 17. -
Tnstrumentation = Tektronix 355/preamp Type L
Test Supervisor J. Schneider Contract F95731 -
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APPENDIX D
SECTION 2

AT TR YT

SURGE TEST DATA OF A PART
OF ALTERNATOR COILS
ON A TEST JIG
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CTIM-146-81-72B 733“";vﬂ?.c-2091

TECHNOLOGY SCIENTIFIC SERVICES. INC.

A SUBSIDIARY OF TECHNOLOGY INCORPORATED
P. O. Box 3065, Overlook Branch. Dayton, Ohio 45431
Tel. (513) 426-2405

May 11, 1981

TO: Boeing Aerospace Company
P.0O. Box 3999 Mail Stop 8K-75
Seattle, WA 98124

SUBJECT: APPENDIX D - Adcitional Testing on Generator Coil
Test Jig

Background. The generator coil test jig was part of the original
test plan but was not available during the time frame allotted.

The jig contained two phases of the generator. An impulse
voltage waveform was applied phase-to-phase with a piece of dielec-
tric in between the phase wire windings. The impulse voltage
amplitudes were increased at approximately 20 KV per step. The
original test shot was made at 40 KV.

Test Results. Attached at thke end of this zreport are the original
data sheets from the tests. The first shot broke down around the

plexiglas insulation. The new epoxy and laminations to be used
in the generator did not fail.

The oscillogram on data sheet #l1 showed a chopped waveform
as expect . when an arc shorts out the lcad impedance. The plexi-
glas piece was cleared and moved tc a better location. Data sheet

#2 shows the full waveform applied to the test jig with a 1 x 50us
waveform.

However, starting with test #3, arc tracking began on either
the 'est piece of epoxy or the plexiglas pieces tried. Ffinally
the test voltage was backed off to 50 KV peak and a full waveform
was recorded (see sheet #14). Small high frequency bursts on the
waveform indicate corona, meaning close to breaxkdown.

The epoxy piece was removed from the generator coil aad

p aced on a spark gap stand and further testing at higner voltage
was performed.

Test sheet #15 shows full waveform at 65 KV peak and sheet
#16 shows the capped waveform at 90 KV peak. Test sheet #17
is at 80 KV peak and again showing a chopped wavefcrm. Figure D6
shows the arc tracking around, but not puncturing, the epoxy piece.
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CTM-146-81-72B 2

FigureD6. Arc Tracking Around the Epoxy Test Piece.
(Shot #17).

The generator coil test jig was reattached to the Marx gen-
erator and phase-to-phase voltage hold-off with no added insulation
was testsd. Shot #18 showed a %ull wave with approximately 30 KV
hold-off. Shot #19 at approximately 35 KV peak chopped, indicating
the limiting value in air at approximately 30 KV.

The second day of testing was to evaluate a seccnd piece
of epoxy insulation. One piece of epoxy insulation between each
crossing of the two phases. The first firing held at 45 KV; at

50 KV the waveform chopped (see test sheet 2a) and Figure D7 shows
the arc tracking the insulation.

Before the next shot some Kapton tape was added to deter
tracking around the edges of the epoxy. Test #3a shows a somewhat
higher hold-off at 56 KV but test #4a shows the waveform chopped

at approximately 61 KV, the upper limit of testing on the genera-
tor coil test jig.

The second epoxy piece was moved to the spark gap test stand
and test ##6a through #10a show an increase in hold-off voltage
to 90 KV. Test sheet #lla shows the waveform chopped at approxi-
wately 100 KV. Figure 08 shows that the arc tracked around the epoxy
piece and did not puncture.
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: FigureD7. Arc Tracking Around Epoxy Insulation with

: Epoxy Piece Between Both Coil Crossings.

(Shot #2a).
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Figure 08. Arc Tracking Second Epoxy Piece (Shot #lla).
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Comments. Many shots we: taken during the test which proved to

be unnecessary. Testing . small piece of insulation in the generator
coil test jig is not a justifiable way of evaluating the insulation.
All insulation material traces to a certain extent, thus the insu-
lator cannot be accurately tested unless two conditions are met:

1. Enough material must be used so that the tracking
does not occur prior to puncture,

2. If tracking is to be tested as well as puncture in a

test set up, then an accurate representation of the
insulation piece must be used.

/John G. Schneider
High Voltage Engineer
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T/SSI TEST LOG

A

ke

Test No. L ' Task Date V;/? 7/3/ ”

o0 . . \ 3
Test Item g(’/v\-{.g:t_gs\ Loy & “('.‘;‘\ e Vi ]
(&)

o>
v 200k ¢, = J0ndd
vp:-/‘/OKm) L =_§
Ip’_fy A’ Rd’ 30 O
R =/050 .

oy e R LIL et BT R e w

Scale Factors
% /O

ﬁgg 7 (00D ,
aN Sd Verc.@.a kl/ /Div.

Horiz. ¢’ . /Div.
rd
Remarks ]C‘j SX\QpT— f;( (JO(( (h,‘/c
v
ok Q’:_.Q(;J'.-AME;[L— net &{‘{Jf’)b\" A}M«".Af

Instrumeatation & 7 ¢~ / Tosre 4

7 ! .
Test Supervisor ©-C Contract)_boe_;.-\n,
./ ¥,

[

1%

]
e ,i,g
ST N e N RN T R . DT e




T/SSI TEST LOG

Test No. ~# 2 Task Date Y /02 /)/ 21
V4
Test Item
Vo=geot s Cp = o4
. Ve =
\,p' RN 4 Lt
Ip" /l.’£3 Rd' N
Rp=_vid o
Scale Factors
f/b /D
/: ' (, 4
RNy 250 Vert. 30 _twv __ /Div.
Horiz. . & IDiv.
'8
Remarks
Instrumentation
Test Superviser Contract
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T/SSI TEST LOG

s Saadhy 24N aher

Test No. 3 Task

PR

Date ‘) /97/8/

Test Item

¢ e Cablit] s

T
1

AR & Lot i § 1 0L LT Sk i ieadi

T

0
%' vc’J‘O K/ Ct’79 :I:’L

Vps wl'( L =

t
Ip: Ay Rda Yo

AT T
C m e =

%' Ry=_2¢0

Scale Factors
: /72 7/0
r /(D (oo 30

At 256 Vert. -#<§~ iV /Div.
: Horiz. s 24 < /Div.
1 . i IM‘% o’
1 Remarks I R PCALSY ARcu~p ' TS T JI1g Ll s
3 Y VA L
al
:{

Instrumentation

Test Supervisor Contract
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? T/SSI TEST LOG

3

A Test No. Y Task Date ‘' < ' 7! :
.’“

? ’a

g Test Item 5

T

5
L Y0

’»
; 4
: _ 5
; 4
3 i
; s
3 ]
3 :
;
A
: k
4 e
X
E ~
3 [
3 K
3 i
3
hd
‘ 3
4
3
K “
Y b
3 #
y 3
3 -
X
:
;

V.= 2e kv C, = 20 Df’,f

TR TN T T
~

vpg é. IR Lt =
Ip’_ﬁlﬁ_—. . Rd'_'l&ﬁ)

RL’ Pec

.

ir e e Yimma 23D T DT ROty

L e ey e L

wr 4

LR S

3 Scale Factors 2
> -/ ' :
; 1/ /rO Vi
1 K D {eo 3a =E
g po e e Vert.  RF _uv /piv.

Horiz. $ pr SEC /Div. i

Remarks At E€x/s/¢ctm s, TRACRL)

TR T RO P73 NN LY

M Lt I 3wt L SIS par B

i
!
)
¢
¢
'
]

Instrumentation

Test Supervisor Contract
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T/SSI TEST LOG

PR

Test No. 5 Task Date Y /)J2/7/

Test Item

T
1

Vca-D'u L Ct = 70 ) Fl
Vo~ oxv L =_=
ng fll‘ Rd= fgo

Ry = 760

Scale Factors

Ll 0
Ap £10 30 '
ATT 260 Vert. =9~ KV [Div.

Horiz. % p SEC /Div.

Remarks 7 A pekép ARoosxp TET XlEc,mert

Instrumentation

Test Supervisor Contract
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T/SSI TEST LOG

Test No. 6 Task Date. /a2 )1/#/
7 7

; Test Item
3
X
g
e L e E
: l
1 :
3 f
r E
3 : : 3
4 1 A
3 ! %
! z
| 3
g I
3 !
1
5‘ 1
: !
!
' Ve=n{o kv Cp =70 gl I

Vp= 6o v L, =
i ’ ng 11, £l Rda ‘fio

L ER T ROIT, GNP ST W P07 My SRS e U TR SR DN

e o e R L S A L R e e € TS e e

RL= va X4
, Scale Factors %
A /D 3
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APPENDIX E
PULSE TEST DATA FOR CABLE ASSEMBLY A-7 HIGH VOLTAGE
High voltage pulse tests for the cable assembly A-7, were concluded by

Technclogy Scientific Services personnel in the Electromagnetic Hazards
Test Facility, AFWAL/FIESL, Wright-Patterson AFB, Ohio.
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APPENDIX F ‘e

DC PARTIAL DISCHARGE TEST DATA

The dc partial discharge test data were taken in the High Power Laboratory,

AFWAL/POOS, Wright-Patterson AFB, Chio using the equipment described in Paragraph
1» 6’3.7'2.
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